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The object of this study Is to Identify a feasible concept for a launchable 3- 
year lifetime helium dewar from which the required technology development tasks 
can be identified. Current helium dewar designs were examined to see where the 
largest potential reductions in parasitic heat loads can be made. For example, on 
the IRAS program, the single largest item, tank supports, amounted to 67%. Wire 
leads and multilayer insulation constituted 17 and 14%, respectively. Consequent- 
ly, a large part of the study effort was devoted to examining new, promising sup- 
port concepts. '*’he support concept chosen, a Passive-Orbital -Disconnect-Stiut 
(POOS), has an orbital support conductance that is lower by more than an order of 
magnitude over current tension band supports. This lower support conductance cuts 
the total dewar weight in half for the same 3-year lifetime requirements. Effort 
was also concentrated on new, efficient wire feed through designs and vapor cool- 
ing of the multilayer insulation, supports, wire feed throughs and plumbing pene- 
trations. 

The program consisted of four basic tasks. The first task examined a single- 
stage helium dewar vs. dual -stage dewars with a guard cryogen of nitrogen or neon. 
The single-stage dewir concept was selected. Next, different support concepts 
were analyzed from which the PODS support concept was chosen. A preliminary 
design of the dewar was thermally and structurally analyzed and laid out including 
system weights, thermal performance and performince sensitivities. Finally, a 
Technology Development Plan was prepared, task by task, to verify the predicted 
performance. A schedule and ROM costs for each task concluded the study effort. 
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FOREWORD 


This work was conducted for the National A.\onautics and Space Administration 
through AMES Research Center, Moffett Field, California, Dr. Peter Kittel, 
i Program Manager, 

The Lockheed Palo Alto Research Laboratory conducted the program within the 
Cryogenic Technology Group of the Materials Sciences Laboratory. Key 
individuals who contributed to the success of this program and their 
contributions are as follows: 

Kevin Burns - Modified the PODS thermal program and 

developed the FTS program. 

Dr. David Bushnell - Developed the PANDA-DEWAR program and 

performed the Support Selection Analysis. 

Ed Cavey - Analyzed and laid out the dewar design. 

Dr. Ike Hsu - Developed the thermal model for the dewar 

and performed the thermal analysis using 
the THERM program. 


i 



Ted Mast - Provided technical consultation throughout 

the study. 

Jorgen Skogh - Performed the dewar structural analyses and 

the STAGS analysis. 

Roger Wedel - Modified the CRYOP program for use In the 

Cryogen Selection Analysis. Performed 
parametric trade studies using the CRYOP 
and PRESS programs. 

Some of the structural and thermal data for the Passive Orbital Disconnect 
Strut (POOS) system were developed under a Lockheed Independent Technology 
Program prior to and concurrent with this program. These data Include: 

• The POOS concept 

• The PODS Thermal Model 

• Thermal and structural test data 

The results of the support and cryngen trade studies, a complete description 
of the selected dewar design (and Its performance) and a technology develop- 
ment plan are provided in this report. 


Richard T. Parmley 
Principal Investigator 
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INTRODUCTION AND SUMMARY 

1.1 INTRODUCTION 
I 

The object of this study Is to Identify a feasible concept for a launchable 
three-year lifetime helium dewar from which the required technology development 
tasks can be Identified. In order to keep the dewar size and weight within 
reason. It Is Important to reduce the parasitic heat load below those obtained 
on current flight dewars, designed for durations on the order of one year. In 
order to determine which areas provide the largest Improvement potential, a 
breakdown of the parasitic heat loads of current helium dewar designs was 
examined. For example, on the IRAS program, the breakdown is as follows: 


IRAS Parasitic Heat Leak [1-1] 

% 

Multilayer Insulation^ 

14 

Tension Band Supports^ 

67 

Plumbing^ 

2 

Wire Leads ^ 

17 

1. Three vapor-cooled shields 

2. Vapor cooled 

100 
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The tension bend support represents one of the most edvenced support 
technoloples currently evelleble yet still constitutes tMO-thlf'is of the 
peresitic heet load. 

For this reason, Lockheed started an In-house effort In 1978 to deveiop a new 
support concept that has a thermal conductance value at least an order of 
magnitude below the tension band system. The passive orbital disconnect strut 
(P0D>) that Is currently being developed and Is described In this report 
exceeds that goal and cuts the dewar weight In half (as compared to tension 
bands) for the same mission requirements. Consequently, qualification of the 
PODS supports Is a key item In demonstrating the feasibility of a 3-year 
lifetime dewar. 

Insuring the wire feeds are adequately cooled with venting helium is another 
key Item and a design concept to acconpllsh this was developed on this program. 
Decreasing the thermal conductivity of multilayer Insulations Is another area 
of potential benefit, particularly In the low temperature range where radiation 
becomes less Important and conduction begins to dominate. 

All these technology areas are addressed In this study and development plans 
laid out to verify their performance. 

1.2 SUMMARf 

Using the dewar requirements established for this study, two trade studies wer<5 
performed. The first trade study selected which cryogen(s) should be used 
while the second trade study examined different support concepts. A single 
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stage helium dewar plus POOS supports were chosen. Additional system analyses 
were performed so a preliminary dewar design could be laid out. The dewar 
performance was calculated and performance sensitivity analyses were 
performed. Finally a technology development plan was prepared and costed that 
demonstrates the recommended design approach. 

Section 9 of this report provides a description of the computer programs used 
In the study. The thermal and structural properties of materials analyzed In 
the program are provided In Section 10. 



Section 2 


DEWAR REQUIREMENTS 


The contract requirements for dewar performance were used throughout the study. 
The selected dewar design in Section 5 meets or exceeds all of the following 
requirements as shown here. 



Contract 

Requirements 

Selected Dewar 
Performance 
(Section 5) 

1. Orbit lifetime 

3 Years 

> 3 j^ars for vacuum 
jacket temperature 
< 300K (< 540R) 

2. Shuttle launch loads 

Launch loads: 
lOg axial 
lOg laceral 

Launch loads: 
lOg axial 
lOg lateral 

3. Cargo bay 

Must fit in 4.5M diam. 
(180 in) by 18M long 
(720 in) cargo bay. 

Dewar dimensions: 

• Diameter 1.48m 

(58.3 in) 

• Length 4.55m 

(179 in) 

4. Spacecraft power 

Control power of 25W 
at 24V will be avail - 
able. 

Maximum control power 
requirements are 24 
watts (momentary) 

5. Support resonance 
requirements 

> 35 Hz launch 

> 20 Hz orbit 

35 Hz launch (min) 
20 Hz orbit (min) 
(Assumes rigid tank 
and vacuum shell 
ri ngs ) 

6. Total loaded dewar weight 
i ncl udi ng he! i urn and 
200 kg (441 lb) instru- 
ment. 

< 2000 kg 
(< 4409 lb) 

989 kg 
(2180 lb) 

?. Dewar reuse possible? 

Expendable system 
allowed 

Yes, reusable system 
except for aperture 
cover 
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Contract 
Requi rements 

Selected Dewar 
Performance 
(Section 5) 

8. Ground servicing 

No ground servicing 
allowed one day before 
launch; intermittent 
servicing allowed 
dui'ing preceding two 
days. 

Ground servicing required 
11.1 days prior to launch; 
no additional servicing 
required. 

9. Dewar orientation in 

One side assumed to 

3-year lifetime achievable 

space 

always point away from 
Sun. Radiator considered 
as part of the thermal 
protection system. 

as long as aperture doesn't 
view Sun or Earth. 

10. Ground command links 
to dewar 

Will be available. 

Valves PV7 and RAV3 
opening and apercure 
cover separation can be 
commanded from the ground. 

11. Development program 

Not last longer than 10 
years. 



3.5 years 

12. Instrument character- 
istics 


■ 

• Size 

IM diam x 2M long 

Same 

• Weight 

200 KG (441 lb) 

Same 

• Max temperature 

2K (3.6R) 

Same 

• Continuous heating 



• Joule 

10 mW (0.03 Btu/hr) 

Same 

• Aperture radiation 

1 mW (0.003 Btu/hr) 

Same 

• Wires 

400 ea coax cables 

• 2 mil diam SS wire 

• 10 mi 1 OD X 2 mi 1 

SS sheath 

• Teflon insulation 

Manganin wires 

• 200 ea #40 gage 

• 40 ea #32 gage 
o 10 ea #24 gage 

Same 

(Additional wires required 
for valves and 
instrumentation) 
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Section 3 


CRYOGEN SELECTION ANALYSIS 

Analyses were performed to determine whether a single stage or dual stage 
i dewar is optimum and which cryogens should be used. Since the instrument 

cooling requirement is <; 2K (< 3.6R), only a superfluid helium dewar can meet 
this requirement. The question remains which guard cryogen should be selected 
for the dual stage concept and whether a single or dual stage dewar is 
optimum. This section provides the data to answer these questions. The major 
analytical tool used in these analyses is the CRYOP program described in 
detail in Section 9. 

3.1 SELECTION OF GUARD CRYOGFN CANDIDATES 

Prior to performing the single stage vs. dual stage trade studies, it is 
necessary to narrow the number of potential guard cryogens used on the deal 
stages to a reasonable number. A preliminary analysis was performed on CRYOP 
for He/CH 4 , He/Ne, He/H 2 and He/N 2 « This analysis was performed before CRYOP 
was modified to h?idle up to six vapor-cooled shields and the PODS support 
option. 

♦ 

The supports for the dual stage system consist of large -diameter folded 
fiberglass tubes, which provides a cantilever-type support similar to previous 
coolers which have been developed and flown [3.1]. 
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The vapor cooling utilization for the helium was based on cooling the 

He-II/guard cryogen supports, then cooling the guard cryogen, and finally the 

outer shell /guard cryogen supports, A vapor-cooled shield in the multilayer 
insulation was not assumed. 

The relative system weights were determined for several guard cryogens for the 

nominal parameters. Sensitivity studies were conducted for the helium/solid 

neon case only. 

The nominal parameters at X/X^^qm = 1 are: 

• Instrument heat load = 21 mW (0.07 Btu/hr) 

• Multilayer insulation is double aluminized nylar with 2 
silk net spacers each. 

• Vacuum jacket temperature, T^ = 200K (360R) 

The results shown in Fig. 3.1 indicate the He/H 2 , He/N 2 and He/Ne have similar 
weights with the He/CH 4 somewhat heavier. The He/H 2 system represents a 

safety impact due to the flammable H 2 and also has a substantially larger 
volume than the others, so appears to be an unlikely choice, while the He/CH 4 
system also has some undesirable safety features due to the flammable CH 4 . 

The prime candidates to be studied further are therefore He/Ne and He/N 2 » 



1500 


-OUTER SHELL TEMPERATURE 





0.4 


0.8 


1.2 

^*NOM 


1.6 


2.0 


2.4 


H(3000) 


i(2000) 

(LB) 


-1(1000) 


J(C1 


Fig. 3.1 Guard Cryogen Trade Studies 
3.2 SELECTION OF TANK CONFIGURATION CANDIDATES 

A trade study was performed to determine which tank configuration was most 
suitable for use in the single stage LHe dewar for maintaining the 1 m (39.4 
in) diam. x 2 m (78.7 in) long instrument at < 2K {< 3.6R) for three years. 
General criteria normally used in selections of this type include weight, 
moments of inertia constraints, limitations on C.G. shift, geometric 
constraints, technical risk, cost and schedule. 
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Criteria 

Contract Requirements 

Weight 

< 2000 kg (4409 ibs), total system 
including the instrument 

MOI constraints 

None specified 

Limitations on C.G. shift 

None specified 

Geometric constraints 

Fit into the Shuttle Cargo Bay, 4,5 
m (15 ft) diam. x 18 m (60 ft) long 

Technical risk, cost and 
schedule 

Development program not to last 
longer than 10 years 


As can be seen from the table, the contract requirements provides no 
si gif leant constraints on any of these criteria. 


The tank configurations considered in the single-stage dewar study are shown 
in Fig. 3.2. The tank size shown is based on a very preliminary estimate of 
the total heat load into the heliui.i using three vapor cooled shields. 



Fig. 3.2 Candidate Tank Configurations for Single Stage He Dewar 
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Instfuoient Joule huting 
Aperture heating 

Hires (400 SS coax* 2$0 manganln) 
ra.1 (varied with surface area) 

Supports (POOS) 

Fill line 

25% margin (Including ullage) 

*Rat1oed from data In Ref. 3.2 

The candidate configurations consist of 1) a toroidal tank that extends the 
full 2 m (78.7 In) length of the Instrument; a conduction shield closes off 
one end of the Instrument cavity; the other end Is opened to space after 
achieving orbit; 2) a toroidal tank that extends halfway* 1 m (39.4 1n)> along 
the cylinder with a conduction shield extending the other half of the 
cylinder; one end Is also closed off with a conduction shield as In 
configuration 1; 3} a cylindrical tank with /I ellipsoidal ends and a 2 m 
(78.7 In) long by 1 m (39.4 In) diameter conduction shield extending around 
the Instrument cavity. 

Table 3.1 provides the criteria used to rank the three tank configurations. 
All of the factors affecting system weight are summarized In Table 3.2. 
Configuration 3 Is the lightest weight system followed by configurations 1 and 
2. Although the Instrument/C.G. load path will decrease this weight advantage 
for configuration 3* It Is doubtful It would be large enough to change these 




Given 


4 

5* 

1 

I* 

$ 


Calculated 


27 (0.092 Btu/hr) 


TibU 3J CRtTERtA FOR RMK1N6 TANK QONFIQURATIQNS (SIH6LC STA6E OEMAR) 


Criteria 


' i r7T71 1 TT.— — 

E3 

Bil 

3 

“O 

Objective Criteria 




Delta weight, kg (1b) (see Table 3.2) 

36(79) 

42(93) 

0 

Eatemal (T||) surface area, normal lied 

I.O 

1.09 

1.12 

Tank surface area, normal lied 

3.3 

1.9 

1.0 

Spacecraft dimension, normallied 




• Length 

1.0 

1.0 

1.66 

• Diameter 

1.22 

1.46 

1.0 

Subjective Crltar1a(0 




Tank manufacturing complexity 

3 

2 

1 

Vacuum shell manufacturing complexity 

1 

2 

1 

Fill time based on mass to be cooled 

3 

2 

1 


(f) 1 Is most Oestrsbie rtnking 


Table 3.2 PftCLlNINARV tClGHT COMPARISON FOR TANK CONFIGURATIONS 



i \ ) TT. 




2 

i 

Item 


-3 

LJ 

Tank(1) 

142 

Di 

69 

Vacuum Jacket 

221 


223 

Conduction shield around Instrument 

1.1 


17.8 

Vapor-cooled shields (3) (t • 0.05 cm or .02 In) 

49 

53(2) 

54.5 

Mil 

9.8 

10.7(2) 

11.0 

Helium 

103 

112 

115 

Instrument CG/lood oath 




Total Mt., kg (lb) 

526(1160) 

532(1173) 

490(1080) 

4Wt.. kg (1b) 


42(93) 

0 


1) IncluNes l.Tf aluminum foam 
I Ntlghts ratload from data In Rtf. 3.2 

3 Tbtsf Mights will ba higher for configuration 3 than either 1 or 2, 
but were not calculated due to lack of design detail. 


3 ^ 





















prellnlndry Meigtit rtnklngs. Configurations 1 and 2 tiava a significant length 
advantage over configuration 3. 


k. Mhen considering these criteria plus the others listed, there was no clear cut 

choice between the three configurations. Configuration 3 Is the lightest; on 

^ the other hand, configurations 1 and 2 are considerably shorter and the dewar 

CG will change less as the tank Is drained; configuration 3 Is judged to be 
the least complex design to manufacture and assemble. Due mainly to the 

lighter weight and lower manufacturing complexity, configuration 3 was 
selected over configurations 2 and 3. This selection of tank configuration 3 
was made for representing the tank weight and envelope during the cryogen 
selection analysis. This choice should be re-examined when more detailed 
system requirements are defined. 

The analyses performed In Section 3.1 narrowed the selection of the secondary 
cryogen to solid nitrogen or solid neon to go along with the primary 
superfluid helium tank. These same preliminary studies showed the secondary 
tank volume to be considerably smaller than the primary tank volume. For this 
reason a small toroidal, secondary cryogen tank (to minimize dewar length) 
plus an ellipsoidal LHe tank was selected for the dual stage cryogen selection 

^ analyses. Fig. 3.3 shows both single and dual stage tank layouts. Note the 

primary tank and conduction shield are supported off the secondary tank. The 
secondary tank Is supported off the vacuum shell. 
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* 



Fig. 3.3 Selected Tank Configurations for Use In the Cryogen 
Selection Analysis 

3.3 SINGLE VS. DUAL STAGE TRADE STUDIES 

These studies were performed using the CRYOP program described In Section 9. 
When these analyses were performed Initially, an error In the modified vapor 
shield optimization subroutine caused the calculated heat rates to be too low. 
This error was discovered after the design of the selected single stage dewar 
was well advanced and the detailed thermal nodal model of the design showed 
higher heat rates than were calculated previously by CRYOF. Consequently, all 
these trade studies were rerun to see If the conclusions reached previously 
were still valid. Thqy were. In most cases examined, but the selection of a 
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single stege dewtr over a duel stage dewar ms not as clear cut «s stwm 
previously by the Incorrect analyses. 

Using the corrected CRYOP progran, the trade study was repeated for both 
single and dual stages using the tank configurations shown In Section 3*2 and 
the assunptlons shown In Table 3. 3. Paraineters that were varied Include the 
Instrument heat load, warm boundary temperature, and number of vapor cooled 
shields. 

Nominal case tabular outputs from the CRYOP program are shown In Table 3.4 
(He), Table 3.5 (He/N 2 ) and Table 3.6 (He/Ne). The output Includes the dewar 
length (minus the aperture cover), dewar diameter, design lifetime (Including 
a 20t margin), optimum Insulation thickness, location and temperature of the 
vapor cooled shields, parasitic heat load with and without vapor cooling, tank 
volume and a weight breakdown of the dewar (minus the aperture cover). The 
aperture cover length and weight were added In manually after the runs were 
completed. 

Note that under "EXPERIMENT WT", 17.6 kg (39 lb) was added to 200 kg (441 1b) 
of experiment weight 218 kg (480 1b) total to account for the Inner conduction 
shield extending up from the helium tank surrounding the 2 m (78.4 In) long 
Instrument and providing a < 2K (< 3.6 R) boundary. The nominal values used 
*or the cryogen selection studies are shown In Table 3.7. 



Table 3.3 ASSUMPTIONS USED IN CRY06EN SELECTION ANALYSIS 



SINGLE STAGE 

nn[H[miiiiiiiii7T|^ 

STAGE 


Hel^ 



Tank Configuration 

(filled with 1.7X Aliaalnm Foaai) 

AlSRtAua Cylinder. 
Ring Stiffened Plus 
/zTi Ellipsoidal Ends 

AluSfm Cylinder, 
Ring Stiffened 
P1usi^/1 Ellip- 
soidal Ends 

6061 

AliMlnw 

Torus 

VaciMi Shell 

■“5051 " — 

Alunlnun Cylinder, 

Ring Stiffened Plus 
V?/1 Ellipsoidal Ends 

6 

AlMrinuR Cylinder, 
/2/1 Ellipsoidal 

061 

^Rlng Stiffened Plus 
Ends 

Supports( Vapor Cooled) 

POOS, 6 EA. 

POOS, 6 EA. 

PODS, 6EA. 

Prlnary Conduction Shield Around 
Instnaent 

6063 Aluarima. 17.8 69 
(39 18) 

6063 AlMrinuR, 
17.8 Kg (39 lb) 


Vapor Cooled Shields, 
O.OS CK (0.02 In) ThUk 

6063 AluilnuR 


6063 Alinrtnui 

Multilayer Insulation 

Double Altarinlzed Hylar/SIlk Net Spacers 


Aperture Cover 

39 kg (86 1b) Velpht 
O.S n (19.7 In) Length 

39 kg (86 lb) Mtght 
O.te (19.7 in) Length 

P1ud>1ng (Vapor Cooled) 

1 Fill, 1 Vent 

1 Fill, 1 Vent 

1 Fill, 1 Vent, 

2 CooiMt Lines 




min 

Suppleeantal Cooling (Radiators, 
Shato Shields. Refrioerators) 

No 

No 









OMNIL PMH n 
OF POOR QUALITY 

3.4 cmp behm 


o^f»tf«Ti«N ms tMtamett 

«f»it MtiLim eemcA* t mt m« « shtu* s m fc«r wiciot car ) 

tftfIN CVfCA DIM 94.M l«t TtfM kCMTN* t»t«M tfl« fMM «MU> •!« t« 

NIPMV T«N« iCMfm #8«?T t« 

CCtICA llFCVinSatm* 0«nt tutu tM. R 

C«t««IN TCItA. NOT wmo* MT 9«IL KMITf RCC NT « WT R IN NCNT NLN 

Ce« R ART ICRR.R NTH/ IN kt/CU NT RTN/Li-R IN. IN. SUN kINCt 

»>CLIiR I. 198 • 9.9 9.9 t.99 I9.T9 .99 « 9 

Rll TVNC C9N0..NTN/ k«TCN9 OCNtlTT TNICNNCtS ACCCkEN. rtCTNR N*0 Nkl 
MI-RT-9 nr inch kt/Ctt ft IN. ARIRk TAAN9 IN. 

Ril/tlkR NIT .?89*99 9?. 1.92 A.89 -.9 -.99 1.99 

R909 SURR9RT STStCR 

RRIN. VC tNteie leCATICNt fR/t9TAU .12 .29 .*9 .99 .9A 

RAIN. VC SHlCkO TCRRCRATUNCS IRI 21.9 99.9 A9.« 101.1 140.A 

HCAT kNAR CkATTRI 



RRIRARV 9CCONOAR9 

RA9IAT9R 

CVRCRIVCM 

•Oil 

•099 


NC VINT CCOUNOt 19fAk 

•990 

•999 


9ITN VCNT C801I99. TOIOi 

•029 

.999 

•909 

INSAiATlOA 

•919 

-.990 

•009 

tCRRCRfS 

•909 

-•99C 

•099 

ICAC 9IRCS 

•099 

-.990 

•999 

9U9RIR9 

•902 

-•MO 

•900 

HfAT RCRCVRkt 99T«i 

-.999 

-•000 

INSVlATICk 


•900 

••090 

tkRRCPTS 


•990 

-•990 

UA9 WRCt 


•990 

-•090 

PLAN IRQ 


•MO 

-.009 



-•MO 

-•900 

Tcui 

•090 

•999 

•900 

CPLCUATCO LIPC1IPI CCA9SI 

1999.09 

•00 


TAM VCLURC CCA Pit 

99.0991 

•9000 


CRTOlCA AT lilt 

999.22 

• 00 


9R9 TANK 99 Ci9l 

229.90 

•90 


IA9AIATI9N AT 1191 

109.99 

•or. 

•oc 

VCNT tNtCkO AT 1121 

229.99 

•09 


9PU1C AT C19I 


•00 

•90 

VACUIP TANK at CL9> 



999.IS 

R9UNTIN9 RkATC AT Clfl 



•M 

RISC. AT HRI 



I92.9A 

tiRRCPT AT Ciet 



S.19 

CRPtAIPCNT NT 1191 

999.99 



TCTAl DR9 NT Ck99 

1092 .91 



T9TA1 ACI2NT NITN 99999999 Ckfl 

2992.09 




CTktACRtCVk VAkARC UN R9» 221.990 


3-n 


' ''MMNML PMOC tt 
^ POOR QUAIilY 

mie 3.5 CRYOP OUTPUT, 0 £NM 


QPTmiliftM Of> NLI TMICRNCtt 

JirCt-t K/m CMLCRi 0 iHSTsU* ««• 99i « tNEU* t NC SMDtS N7 SUM CMC 1 

|f«?f» CilCK tlM ««*M Mv TOfM iCMlMt 18I*M l«* TMNI Mil* •!« ill 

MI9MT TAM LCMtM M«31 t% 

SCMHCAKV TAW UWTW UZi IH 

CCSttA ilTCTlAC«IOM« OAfft tNCU TCW> K 

CATMCA TCW* HCT CCWO- Mf tUH. OCHIITT SMC Hf A CUT A IN VCNT M.« 

eCN A AAT UWtN NT«/ iB IB/CU Pf ITV/LB-P IN* IN. NMOt IINTS 
miNP t* «3* t*A «*• l«tA t9«T9 *03 1 A 

13 M* 890 « IM*0 99*0 *39 81*99 *91 9 8 

NLI TfPC CfNB*tlfU/ LATCAS OCNSITV TNtCANCSS ACCCiCA* PACT8A AAO l>LI 

ACA INCH IB/CJ ff iNt AAIAL fAAAS IN* 

Ail/lltA ACT *108-09 9T* t*98 1*T9 -*C -*C0 1.00 

HI/9IIM ACT *09T-09 IT* 1*98 A*89 

ACCS SNPPOAT OTtTCA 


AAtA. OC OAICIO iOCATXONO If/TOTAll .•§ 

PAIN* VC SPlCiO TCAPCAATUACS IK I IS.O 

ACC* VC OAiriC iOCATICNt IR/TOTALI *89 *9C *f9 

ore* VC SPtCtC TCAPrOATUACS fAI TO.O tto.o toe. 9 

HCAT LOAD lAATTSl 



paiaaat 

SCCONOAAT 

AAOUTOO 

CAPCP1ACA1 

•oil 

•eoc 


N€ VCOT CeOLIMt TCTAi 

*089 

.9*9 


NITN VCNT COOilNB* TOTAL 

• OCT 

• 893 

•cor 

lAOilATICA 

•c:9 

• 00* 

.90C 

UPPCATS 

•vet 

• 1*9 

• 90? 

ilAC VIACt 

*m 

*019 

•000 

PiUPflNO 

*eoi 

• 089 

•eoc 

MCA! ACAOVAL* TOTH 


-•190 

-•000 

lASUATICA 


-•089 

-•60C 

uppcors 


-.09 

-.008 

ICAC VIACS 


-.008 

-•TOC 

PlUAflAO 


-.993 

-•CCC 



-.139 

-•coe 

TCTAi 

• 810 

•09T 

•OmC 

CALCUIATCO LIPCTCPC ICATSI 

1099.19 

1043.91 


TANK VOiUPC ecu PTI 

24.4ATA 

i.osn 


catoocn '^T iloi 

8n*«9 



OPT TANK AT CIOI 

ta.tc 

9.19 


iAOUlATlOA NT ILOI 

98*03 

91*19 

•o: 

VCNT tNICiO AT ILOI 

98.TV 

it3*r; 


ONICiC AT ILOI 


3?*«8 

• C9 

VACUi'P TOOK AT ILII 



899. T2 

PCUNTIAO PIATC UT ILOI 



•or 

PIOC* UT liAl 



T4.C0 

UPPCM AT ILOI 



8*19 


CVfCAIArAT NT IlNI *00*90 

TCTAi t»r MT aei 1894*09 

TOTAi NCIOAT «|TN CATOOCNO fiOl 1STJ*38 

CVilACAfCn VCLLPC ICO PTI 100*919 


% 


3-12 


oppoorquauty 


Table 3.6 CRYOP OUTPUT* He/Ue OEUM 


OP1t1I2«TtOII Of NLt THtCKHCSS 


«tirS»fi •>£/*•€ COOLCtt* 0 tMSTsll. UK. 2;) N SHtU* 0 HE SNO*^ NT SMOS CASE f. 


EVSTEf CLTfit ClAs 


5«.S« til* m*i 
PfIMRV TAW 
SECOliCAAV T««lll 


LEMTHs 132.07 t«l* 
LEMStHs 41. TS IN 
UN0TN3 T.16 IN 


TANK VALLs .14 IN 


CESI6N llfErffCslOSS. DAIS. SNEIL TENP* 200. K 


CRTCSEN 

T£PP. 

FCT ECUNO* 

HT SUEL 

CERSITV 

SPEC NT 

fl our 

-■ 

CEO K 

ART TERP«K 

BTU/ LB 

L67CN FT 

BTU/LB-F 

IN. 

FElIiR 

2. 

14. 

S.8 

9.0 

1.29 

19.70 

KEPR 

14. 

230. 

43. i 

Fl.O 

.29 

20. NS 


» Ik VENV fiS 
IN. St*DS LINTS 
•CS 0 ? 

•CC 5 2 


Nil type CONO..PTU7 
►B-FT-F 

Pll/SILK NET »2T4-!}« 
PilASlLK NET .747*?5 


LAVENS 
PEP INCN 
37. 

37. 


OENSITV THICKNESS ACCELEN. FACTOR 


LS/C« FT IN. 
1.N2 .7S 

1.42 5.30 


ANIAL TRANS 
•.3 -.Of 


RAO PLI 
IN. 

1.3C 


POOS StPPOPT SYSTEP 

SEC. «C SFIELC LOCATICNS Ek/IOTAO .16 .37 .65 

SEC. VC ShlELC TCNPERATURES <RI 39.6 78.2 133.1 


EMFERIFCNT 

NC VENT COOLTNO* TOTAL 
NITH VENT C0CLIN6. TOTAL 
IRSLIATION 
SUPPCPTS 
LEAC NIPES 
FLUFE1R6 

HEAT FEKflVAL* TOTAL 
IRSLIATION 
SiPPCATS 
LEAC kfPES 
FlUNEINR 

FT RENCVAL BV VENT «AS 
TCTAl 

CALCLLATEO LIFETIPE (CATSI 

TANK VOLUKE (CU FTt 
CRTOGCN bT (LEI 
ORV 1INK NT (LRI 
INSULATION NT CLBI 
VENT SFIELO NT ILEI 
SFIELC NT (LR) 

VACULF TANK NT tLFI 
PCUN11NC PLATE NT aB> 

KlSl. NT (LRI 
StPPCAT NT (LEI 

r»PrPI7rNT NT (IHI 

TOTAL ORT NT (LB I 

TOTAL NtlGNT nITH CRYQ6FNS (LEI 

CTLlNCRtCAL VCLCFC (ON FT| 


NEAT LOAD (NATTSI 


PRIPARY 

SECOND ART 

RACIATCR 

.01 : 

.:03 


.034 

.493 


.004 

• 138 

•000 

.3 34 

• 039 

.330 

.CCl 

.193 

• 3CC 

.000 

•Oil 

.00 

.001 

• 003 

•003 


-•C57 

-•coc 


”.AS4 

-*mOO 


-.001 

-.03C 


-.000 

-.GQC 


“•COl 

-•OOC 


-.042 

-.0 0 3 

• OIT 

•:8c 

•00 » 

1095.09 

1097.72 


22.8715 

2.4844 


214.99 

201.32 


113.92 

71.87 


13.42 

115. 75 

•c: 

•OS 

110.91 



34.97 

• 00 



299.77 



• C3 
71.41 



2.46 


480. 3C 
1?««.5B 
1A74.89 
1S2.529 
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Table 3.7 NOMINAL VALUES USED IN THE CRYOGEN SELECTION ANALYSIS 



1 

m 

Dual Staoe 


Vacuum Shtll TuMpcraturt. KCR) 

200(360) 

200(360) 

No. of Vtpor Cooled Shields 

5 

0 He/Ne 
y He/Nj 

(OetMeen PritHry 
and Secondary 
Tank) 

3 

(Between Second* 
ary Tank and 
Vacuum Shell) 

Support Conductance (Vepor Cooled) 

6 ea, 

POOS 

6 ea. 

PODS 

6 ea, 

POOS 

Instrunent Meet load, itt (continuous) 

W 

11 


3.3.1 Single Stage Results 

The study results for the single stage helium dewar are shown In Figs. 3.4 and 
3.5. The nominal case value shown by a square was varied, one parameter at a 
time, to examine the sensitivity of the system to a change In different 
parameters. Note In Fig. 3.5 the launch weight Is relatively Insensitive to 
changes In instrument heat load (7% Increase for a doubled heat load). As 
Instrument heat loads are Increased, parasitic heat loads are reduced due to 
greater vapor cooling. Launch weight Is optimum at 5 vapor cooled shields. 
Changes In warm boundary temperature had the largest effect on launch system 
weight, i.e., -17% at 150K and -31% at lOOK vacuum shell temperature. The 
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added weight of shadow shields, radiators, etc., required to obtain these 
lower temperatures was not included in Fig. 3.5. 

Fig. 3.4 shows the effect of parameter changes on the total dewar length 
including the aperture cover. Note the nominal length will not fit into the 
cargo bay, crosswise. Lengthwise, of course, there is no problem. 

3.3.2 Dual Stage Results 

The study results for the dual stage helium/nitrogen dewar are shown in Figs. 
3.6 and 3.7; Figs. 3.8 and 3.9 summarize the helium/neon dewar results. The 
data fcr both dual -stage dewars follows the same trends. The launch weight is 
near optimum when three vapor-cooled shields are used for either dual stage 
candidate. The hel ion/nitrogen dewar* s launch weight is less than the 
helium/neon dewar above T^ = 178K (320R). Between T^ = 178K (320R) and IlOK 
(198R), the helium/neon dewar is the lightest. Below T^ = 152K (274R) for 
nitrogen and T^ = IlOK (198R) for neon, the weight of the secondary cryogen 
went to zero showing the single stage helium dewar is optimum in this 
temperature regime. 

Note in Fig. 3.9 the He/Ne launch weight is slightly more sensitive to 
doubling the instrument heat load (11%) than the single stage system (7%). 
When the instrument heat load was doubled for the He/N2 case, the nitrogen 
weight went to zero, indicating a single stage helium system was optimum tor 
this case. Both dual stage dewar weights were sensitive to warm boundary 
temperature changes, but not as sensitive as the single stage dewar. 
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0. 0.5 1.0 1.5 2.0 




Fig. 3.6 Dual-Stage Helium/Nitrogen Dewar Length Sensitivities 

NOTE: 1) FOR Q - 22 MW (0.08 Btu/Hr) 

INST 

SINGLE STATE He DEWAR 15 OPTIMUM 


2) BaOW T^^ - 150K (270R) SINGLE STAGE 
HELIUM DEWAR IS OPTIMUM 



0 0.5 1.0 1.5 


Fig. 3.7 Dual -Stage Helium/Nitrogen Dewar Weight Sensitivities 
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Fig. 3.8 Dual -Stage Helium/Neon Dewar Length Sensitivities 



Fig. 3.9 Dual -Stage Helium/Neon Dewar Weight Sensitivities 
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Figs* 3.6 and 3,8 show the effect of parameter changes on the total dewar 
length including the aperture cover. Note the nominal length will fit into 
the cargo bay, crosswise, if it is desired to mount it in that orientation. 


3.4 SELECTED CRYOGEN 

Using the data developed in Section 3.3, selection criteria were prepared for 
the single and dual stage dewars. Fig. 3,10 provides a comparison of dewar 
lengths including the aperture cover; Fig. 3.11 provides a weight comparison 
of the dewars. Additional selection criteria are provided in Table 3.8. 

Based on these data, the single-stage helium dewar was selected for the 
following reasons. 

The average orbit warm boundary temperature will probably be less than 200K 
(360R) judging by the predicted temperatures for programs of a similar nature, 
i.e., the superfluid helium dewar on IRAS [3,2] and the neon/methane dewar on 
Teal Ruby [3.3]. These orbit temperatures are achieved using thermal control 
coatings, insulation, radiators and active orientation systems. At these 
temperatures of 170K (306R) and 150K (270R) respectively, weight penalties 
incurred using a single-stage helium dewar are on the order of 17% to 15% when 
compared to the lightest helium/neon dewar. [At 200K (360R), the weight 
penalty is 28% when compared to the lightest helium/nitrogen dewar.] This 
weight penalty is not considered excessive when balanced against the lower 
cost and lower complexity of the single stage design as discussed in Section 
6.3. (The dual -stage dewar requires an additional tank for the neon or 
nitrogen, low heat leak tank supports, fill line, vent line, coolant inlet 
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and exit lines and associated plumbing components. The GSE also requires a 
neon or nitrogen loading module.) 

Secondly, the single-stage helium dewar weight is less sensitive to changes in 
the instrument heat rate as shown in Table 3.8. 

Third, although the dual -stage dewars by themselves are shorter than the 
single-stage dewar and will fit into the Shuttle Cargo Bay crosswise as well 
as lengthwise, when a spacecraft is added to the dewars it is highly likely 
both the single- and dual -stage dewars can only fit into the Shuttle Bay 
lengthwise. 

Finally, the single-stage dewar weight of 966 kg (2130 lb) is considerably 
lower than the 2000 kg (4409 lb) contract requirement, providing more than 
adequate margin for the weight growth that normally occurs as a design 
matures. 
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Table 3.8 CRITERIA FOR CRY06EN SELECTION 



Dewar Type 

Selection Criteria 

He 

He/Ne 

He/N2 I 

Liyhtest-weight dewar when T^ is: 

< IlOK (198R) 

110 to 178K 
(198 to 320R) 

> 178K (320R) 


Nominal dewar launch weight*. 

966 

799 

753 

kg (lb) 

(2130) 

(1761) 

(1660) 

Shortest length dewar when Th is: 

< IlOK (198R) 

no to 280K 
(198 to 504R) 

> 280K (504R) 

Fits into Shuttle Bay 




• Crosswise 

NO 

YES 

YES 

• Lengthwise 

YES 

YES 

YES 

% change in dewar weight for 

+7 

+11 

Single-stage 

doubled instrument heat rate. 



l!e dewar is 

22 mW (0.08 Btu/hr) 



optimum for 



this case 

Cost and complexity of analysis, 




design, manufacturing, cryogen 
loading, test 




• Dewar 


2 

2 

« GSE 

1 

2 

2 


* Th = 200K (360R) 

** 1 is the most desirable 
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Fig. 3.10 Dewar Length Comparison 
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Fig. 3,11 Dewar Weight Comparison 
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?^e''tion 4 


SUPPORT s.lection analysis 

4.1 SUPPORT SYSTEM SCREENING 

For state-of-the-art helium dewar flight systems, the support heat leak can be 
the major parasitic heat load to the cryogen. For example, the heat leak 
breakdown for the IRAS program [4.1] shows the tension bands constitute two 
thirds of the parasitic heat load. (Note the shift in heat load for the POOS 
support system selected In this study as shown later In Fig. 5.30.) 


Parasitic Heat Leak, Percent 

IRAS 


Multilayer Insulation 

I 4 I 

30^ 

Supports^ 

67 

(Tension 

Band) 

22 

(PODS) 

Plumbing^ 

2 

4 

Wire leads^ 

17 

44 

1. Three vapor-coolcd shields 

2. Vapor-cooled 

100 

100 


If this support heat leak can be lowered an order of magnitude or more, dewar 
weight can be decreased substantially or dewar lifetime extended significantly. 

An extensive literature search was performed to define the state of the art In 
helium support systems and uncover any advanced support concepts that are under 
development. The unclassified literature surveyed included: 
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• Advances in Cryogenic Engineering (Vols. 1-25) 

• National Technical Information Service (1964 to date) 

• Science Abstracts: Physics, Electrical and Electronic, 

Engineering and Computers and Control (1970 to date) 

• Defense Technical Information Center Data Base (1970 
to date) 

• NASA Research Facilities Data Base (1970 to date) 

and was performed using the DIALOG literature search program. 

The most extensive research work on alternate support concepts was performed by 
Lockheed [4.2] on 12 different concepts. The concepts include monocoques (both 
passive and pyrofechnically detached), honeycomb cone, vapor-cooled cone, 
fiberglass struts, and three active disconnect struts (torque tube, ball and 
clamp, and retracting wedge). Six concepts were fabricated and tested 
thermally. The selected concept, a fiberglass support tube, also had extensive 
structural tests performed at cryogenic temperature [4.3], 

Most of the helium dewar flight systems use some version of the fiberglass 
tension band support as shown in Table 4.1. The Stanford Relativity Experiment 

[4.4] has a combination of fiberglass bands and titanium support tubes. The 
titanium tubes are actively retracted in orbit. GIRL uses compound fiberglass 
bands to take advantage of the higher strengths of fiberglass at low temperature 
and the contact resistance of multiple band parts. No new advanced support 
concepts were uncovered in the liteutir^^ survey that had not already been 
considered by Lockheed previously. 

In 1978, Lockheed started a research program to develop a support system with a 
thennal conductance value at least an order of magnitude lower than present 
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Table 4.1 COMPARISON OF STATE-OF-THE-ART HELIUM SUPPORT SYSTEMS 















































state-of-the-art support systems. Hundreds of different concepts were examined 
of the generic types summarized in Table 4.2. Screening criteria used (updated 
for this program) are shown in Table 4.3. From this screening, one support 
concept was selected for development. This system, the passive orbital 
disconnect strut (PODS), was analyzed, designee, fabricated, structurally 
tested, and is currently under thermal test. The PODS system is the first 
candidate to be selected for this program. 

The contract specifies a minimum of two advanced support system concepts shall 
be analyzed. Consequently, since no promising new support system concepts wer- 
uncovered in the literature survey, the second best of the support systems 
developed from the screening analysis was selected. This concept, the folded 
tube strut, is a combination of three support system concepts listed in Table 
4.2: the point support, the large folded tube support and the alternate load 
path support. Details of the two candidate support system concepts plus a 
reference state-of-the-art system follows. 

4.1.1 Concept No. 1 - Passive Orbital Disconnect Strut (PODS) 

The concept is a modified version of a developed and qualified fiberglass strut 
system. The design combines the desirable features of a thermal disconnect in 
orbit with the high reliability of a completely passive design. 

The portion of the point support strut design that makes it unique is shown in 
Fig. 4.1. The gold-coated Invar stem is suspended inside the gold-coated Invar 
body by prestressed S-glass filaments. In low-g or under specified loac condi- 
tions in 1-g, heat transfer occurs in vacuum between the gold-coated 5tem and 
body by radiation and by conduction along the S-glass strands. 
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Table 4.2 DEMONSTRATED* AND ADVANCED SUPPORT CONCEPTS EXAMINED 


Tens! on 

Compression/Tension 

Disconnect 

High-strength steel 
wires 

Fiberglass/epoxy 

monocoque* 

Differential temperature 
expansion 

S-gl ass/epoxy* 

Fiberglass/epoxy 
honeycomb cylinders 

Mechanical (electrical, 
pyrotechnic, pneumatic) 

Kevlar 49 

Dusted plates 

Piezoelectric expansion 

Bands* 

Fiberglass pads* 

Subl i mat ion 

Chains or compound 
bands* 

Point supports* 

Mat- -ic (active feedback 
loop / 


Folded tube* 

Cut filaments 



Alternate load path 
(PODS) 

1 


NiTi memory alloy 


Table 4.3 CRITERIA FOR SUPPORl SYSTEM SELECTION 

• Minimum parasitic heat leak on ground and in orbit for 3-year lifetime 

• Minimum weight 

• Minimum cost 

• Resonance > 35 Hz during launch and > 20 Hz in orbit 

• Passive design 

• Can be demonstrated thermally in one-G qualification tests 

I 

• Applicable to different tank sizes, weights and shapes 

• Suitable for use in Shuttle launch and abort modes 

• Orbit heat rates independent of launch loads 

• Support configuration to simplify MLI installation and minimize 
thermal degradation of MLI 

• Support vapor-cooled shields 
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LOCKING NUT 
(COLD-COATED) 


0.19-mm CLEARANCE 
(2 PLACES) 

/ S-CLASS 

(PRESTRESSED) 

PINS. 

4 EACH 





TENSION PINS / 

(IN SLOTTED STEM) 

SELF-ALIGNING 
BEARINGS AND 
ROD ENDS 
(COLD-COATED) 



INVAR BODY (COLD-COATED) 
INVAR STEM (COLD-COATED) 
LOAD PINS (2 EACH) 


FILAMENT-WOUND 
EPOXY /FIBERGLASS TUBE 


I 





H 


TANK 


Flq. 4.1 Passive Orbital Disconnect Strut (P0D:>) System, 
POOS at Cold End Only 
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Under the high-g load conditions of launch, the S-glass filaments stretch 
elastically to the point where the stem holes bottom out against the two metal 
load pins. The high loads are transmitted through the pins until orbit is 
achieved. Once the load is removed, the Invar stem recenters itself inside the 
body and the load pins no longer touch the stem. This passive orbital 
disconnect support fPODS) concept greatly reduces the strut heat leak in orbit, 
yet is designed to handle “ high structural loads of launch. The strut 
performance can be tailu. .J separately for the launch loads (sizing of 
fiberglass tijbc <ind load pins) and desired orbit resonance (length and area of 
S-qlass filaments). The parts required for a PODS strut at both the warm and 
cold ends are shown in 'ig. 4.2. The design that was selected for this program 
(based on analyses described later) uses the PODS mechanism only at the cold end 
of the strut. 

4.1.2 Concept No. 2 -Folded Tube Strut (FTS) 

The FTS concept consists of 3 concentric, folded fiberglass tubes connected 
together to form a single strut as shown in Fig. 4.3. During launch, tube No. 1 
is designed to take the launch loads at a resonance of 35 Hz. The loads are 
transmitted through the wedge-shaped Invar ring shown (due to elastic strains in 
fiberglass tubes 2 and 3). In orbit, the wedge disconnects passively when the 
load is removed; the fiberglass conduction path length is approximately tripled 
while the strut resonance drops to 20 Hz. 
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ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 
Fig. 4.2 Exploded View of PODS Support (POOS Both Ends) 


LH THREAOS 



lOritlMG MUT 


'^EPMY/S-GLASS EEirRWT -TBfsV 

1ICR0SPHESES 

C^JBES ALlWrxrZEE, I'.'^ERHr’TFNT COATING) 


TIDE 1. 0E5ISNE0 FOR LAUNCH. ABORT LOADS AND RESONANCE 
T'JBES 2. 3 OESIGNEO FOR ORBI* RESONANCE AND “IN 0 


Fig. 4.3 Folded Tube Strut (FTS) Concept 
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4.1.3 Reference -State -of -the -Art Tension Band Support System 

In order to determine the potential performance improvement possible with 
advanced support concepts 1 and 2. a reference state-of-the-art support system 
was selected so comparative analyses can be made. As shown previously in Table 
4.1, the tension band support is used on several helium flight dewars and 
represents one of the most advanced systems currently in use. A typical support 
system is shown in Fig. 4.4 for a superfluid helium dewar and LO 2 /LH 2 Orbiter 
Power Reactant Storage Assemblies. The support consists of opposing sets of 
uniaxial S-glass/epoxy bands wrapped over metal end-spools. The bands are 
pretensioned so the supports never go slack under changing pressures, 
temperatures, or launch loads. 

4.2 THERMAL/STRUCTURAL OPTIMIZATION TRADE STUDIES 

The support system is used to support the helium tank, cold plumbing components, 
the instrument, the vapor-cooled shields and the insulation off the vacuum 
shell. Twelve supports are used, three pairs in opposition to three other 
pairs. They are located so the center-of -gravity of the supported mass is 
midway between the supports as represented in Fig, 4.5. The actual dewar 
configuration is shown la^er in Section 5. 

The objective of this task is to optimize each support system candidate in such 
a way as to minimize the flow of lieat from the vacuum shell to which they are 
attached, while maintaining enough structural rigidity to keep the lowest 
frequencies at launch and during orbital conditions above certain specified 


4.9 












values, and stresses due to assembly and launch loads below those that would 
cause buckling or material failure. 

In this analysis, the vacuum shell and the tank/instrument structure to which It 
Is attached are assumed to be rigid and the supports to be massless. It Is also 
assumed that the tank, vapor-cooled shields. Insulation and payload are rigid, 
supported by elastic struts or tension bands which carry loads only along their 
axes (pinned ends). The three concepts that were analyzed are: 

• The passive orbital disconnect strut (PODS) 

• Th° folded tube support (FTS) 

• The reference tension band system 

In the PODS and FTS concepts, the effective axial stiffness (EA)eff and heat flow 
conductance (KA/L)eff change abruptly from the launch condition to the orbital 
conduction due to "disconnect" features within each strut, so that design of each 
of these support systems Involves the solution of two optimization problems, one 
corresponding to the launch phase and the other corresponding to the orbital 
phase. The tension band concept involves solution of one optimization problem, 
corresponding to the launch condition only, since the nature of this support 
system does not change for the orbital phase and the launch phase represents the 
more severe environment. 

Trade studies are conducted with the use of a computer program called PANDA, 
originally designed for weight minimization of composite cylindrical panels 
subjected to destabilizing loads [4.5]. For application to the problem of dewar 
support design, this program has been modified by replacement of the expression 
for weight by an expression for heat flow and replacement of expressions for 
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local and general buckling loads with expressions for vibration frequencies. 
This modified program is called PANDA-DEWAR and is described in detail in 
Section 9. 


The program inputs include: 


1) Weights and dimensions of supported equipment; 

2) Launch and orbital frequency constraints; 

3) Young's modulus and the maximum allowable stress of the 
fiberglass tube or band; and 

4) Thermal conductivities of the tube, band and S-glass 
filaments. 


Program outputs include: 

1) Center-of-gravity locations and polar and tilting moments 
of inertia of supported equipment; 

2) Launch design margins of maximum stress , tube column 
(Euler) buckling, tube shell (local) buckling, and tube or 
band thermal stress ; 

3) Strut length and diameter, strut spacing and angles, cross 
sectional area and wall thickness, and pretension load 
(tension band only); 

4) Launch and orbital frequency margins in lateral, tilt, 
axial and torsional modes; and 

5) The axial length and cross-sectional area of the S-glass 
filaments for the PODS support. 


Optimization is carried out by a nonlinear programming algorithm called CONMIN 
[4.6, 4.7]. This program, written by Vanderplaats in the early 1970's, is 
based on a nonlinear constrained search algorithm due to Zoutendijk [4.8]. Tne 
basic analytic technique used in CONMIN is to minimize an objective function 
(heat flow, for example) until one or more constraints, in this case vibration 
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frequencies, buckling loads, maximum stress or strain, and upper and lower 
bounds on design variables, become active. The minimization process then 
continues by following the cons^^raint boundaries in design variable space in a 
direction such that the value of the objective function continues to decrease. 
When a point is reached such that no further decrease in the objective function 
is obtained, the process is terminated. 

An example of this optimization process is shown in Fig. 4.6 for the PODS 
support system. Note approximately 13 design iterations were required before 
the launch conditions were optimized; the orbit case required seven design 
iterations. Once the optimum values are achieved, the results are printed out 
in the tabular format shown in Tables 4.4 through 4.7 for the POOS support (both 
ends), PODS support (cold end only), FTS and the tension band system. 

A separate optimization run was conducted for each support system as a function 
of the supported weight. The parametric results are plotted in Fig. 4.7 for the 
launch case. Note in Fig. 4.7 that putting the POOS at the cold end only is 
superior to putting the PODS mechanism at both the cold and warm ends of the 
strut. This result is due to the longer fiberglass tube length possible for the 
same rod-end-to-rod-end length of the strut. 
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Fig 



VIBRATION FREQ. /MIN. FREQ. SPECIFIED 



(LAUNCH) 



(LAUNCH) 


(OFBrr) 


Figure 4.6 (continued) 



Table 4.4 POOS, BOTH ENDS OF STRUT 


DEWAR POD CONCEPT, 1200 LBS. 

EFFECTIVE HEAT LOSS FACTORS FOR LAUNCH AND ORBIT... 
(KA/L) FOR LAUNCH, ORBIT - 3.5102E-03 2.8354F-04 


WEIGHT AND LENGTH OF SUPPORTED EQUIPMENT. 

TOTAL WEIGHT - 

PAYLOAD WEIGHT (INSTRUMENT PACK) - 
TANK WEIGHT (CRYOGEN + CONTAINER) - 
VAPOR SrilFLD + INSULATION WEIGHT - 
LENGTHS OF TANK, SHIELD 5.2700E+01 


1 .2000E+03 
4 .8000E-f02 
3.9656E+02 
3.2344E+02 
1 .3150E+02 


CG LOCATION AND MOMENTS OF INERTIA OF SUPPORTED EQUIP 


CG LOCATION (FROM AFT END OF TANK) . 5.5390E+01 

POLAR MOMENT OF INERTIA - 9.1321E+02 

MOMENT OF INERTIA FOR TILTING - 3.2180E+03 

TANK + CRYOGEN TILTING - 1.2038E+03 

VAPOR SHIELD + INSULATION TILTING- 1.5337E+03 
PAYLOAD (INSTRUMENT PACKAGE) TILT - 4.8047E+02 

LAUNCH k ORBITAL FREQUENCY CONSTRAINTS- 3.5000E+01 2 

AXIAL AND LATERAL LAUNCH ACCEL. IN G S- l.OOOOE+01 1 

YOUNGS MODULUS OF TUBE MATERIAL - 6.0000E+06 

MAX. ALLOWABLE STRESS OF TUBE MATERIAL- 5.0000E+04 


CONDUCTIVITIES I BTU/ (UP-IN. -DEG. F) ) FOR 
CONDUCTIVITY, K1 , OF TUBE OR STRAP. . - 
CONDUCTIVITIES (SGLAS) OF HOT, COLD END- 


SUPPORT. . 
2.7900E-02 
5.2000E-C2 7 


INNER RADIUS OF CRY(3GENIC TANK. ... 
OUTER RADIUS OF TANK AND PAYLOAD. . . ' 

INNER RADIUS OF VACUUM SHELL 

LENGTH OF RIGID PART OF SUPPORT, 

EXCLUDING LENGTHS OF SGLAS MEMBERS 


1 .20CCE-nK 
1 .9700E+01 
2.7200E+01 

2 .4000E+00 


MARGIN ON MAXIMUM STRESS DURING LAUNCH 
MARGIN ON COLUMN BUCKLING AT LAUNCH . 
MARGIN ON SHELL BUCKLING AT LAUNCH . 
MARGIN ON TUBE THERMAL STRESS .... 


1 .2959E+00 
1 .2588E+00 
1 .4115E400 
1 .8292Ef 


STRUT LENGTH, TUBE LENGTH (PL, TUBED 
fy.Jf-.l SPACING OF DEWAR SUPPORT RINGS 
STRUT A.NGLES (THETA, GAMMA) 

TUBE CROSS SECTION (AREA, INNER DIAM) 
TUBE WALL THICKNESS, R/T RATIO . . . . 
FPETENSION (ONL-Y FOR TENSION STRAP ) 
LAUNCH FREQ. MAJ^GINS, (LATERAL, TILT) 
LAUNCH FREQ. MARGINS, (AXIAL, TORSION) 


1.7304E+01 8 

5.539PE+01 
7.4171E-^01 3 

9.3354E-02 1 

2.1203E-02 3 

0 .OOCOE+00 
l.OOOSE-^OO 1 
9.9890E-01 1 


LEIiGTH OF SGLASS TENSION KEMBFR 
CROSS SECTION AREA OF SGLASS hUMSER 
CPBTTAL FREQ. MARGINS, (LATERAL, TILT) 
CRrITAL FREQ. MAR.GINS, ( AXIAL, TORSION) 


1 .SOOOE-^OO 
9 .0697E-04 
9.9532E-01 1 

9.9375E-01 1 


.OOOOE+01 

.OOOOE+01 


.2200E-03 


.9040E+00 

.5222Ef 01 
.3803E+00 
.3051E+01 

.0639E+00 

.5646E+0C 


.0584E+00 
. 5566E-»C0 
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Table 4.5 POOS, COLD END OF STRUT 


DBWAJt POD CONCEPT, 1200 LBS, (POD AT ONE END ONLY OF STRUT) 


jtfective heat loss factors for launch and orbit... 

K A/L) FOR LAUNCH, ORBIT - 2.6217E-03 1.7197E-04 


WEIGHT AND LENGTH OF SUPPORTED EQUIPMENT. 

TOTAL WEIGHT - 

PAYLOAD WEIGHT (INSTRUMENT PACK) - 
TANK WEIGHT (CRYOGEN ♦ CONTAINER) - 
VAPOR SHIELD * INSULATION WEIGHT - 
LENGTHS OF TANK, SHIELD 5.2700E401 


1 .2000E403 
4 .BO00E402 
3 .9C56EU2 
3.2344E402 
1 .31SOE403 


CG IX/CATION AND. MOMENTS OP INERTIA OF SUPPORTED EQUIP 
CG LOCATION (FkOM AFT END OF TANK) . .- 5.5390E+01 

POLAR MOMENT OF INERTIA - 9. 1 321 E* 02 

MOMENT OF INERTIA FOR TILTING - 3.2180E+03 

TANK * CRYOGEN TILTING - 1.2038E+03 

VAPOR SHIELD ♦ INSUI.ATION TILTING- 1 .5337E+03 
PAYLOAD (INSTRUMENT PACKAGE) TILT- 4.8047E+02 


LAUNCH ii ORBITAL FREQUENCY CONSTRAINTS- 
AXIAL AND LATERAL LAUNCH ACCEL. IN G S- 
YOUNGS MODULUS OF TUBE MATERIAL .... - 
MAX. ALIXDWADLE STRESS OF TUBE MATERIAL- 


3.5000E401 2 

l.OOOOE+01 1 
6 .OOOOE«06 
5 .OOOOE4 04 


CONDUCTIVITIES ( BTU/ (HR- I N. -DEG. F) J FOR SUPPORT.. 
CONDUCTIVITY, Kl, OF TUBE OR STRAP. . • 
rONDUCTlVlTiES (SGI.AS) OF HOT, COLD END^ 


FNNER RADIUS OF 
OUTER RADIUS OF 
INNER RADIUS OF 
LENGTH OF RIGID 


CRYOGENIC TANK. . 
TANK AND PAYLOAD. 
VACUUM SMELT.. . . 
PART OF SUPPORT, 


EXCLUDING LENGTHS OF SGLAS MEMBERS- 

MAP.GlN ON MAXIMUM STRESS DURING LAUNCH- 
MARGIN ON COLUMN DUCKLING AT LAUNCH . - 
M/_RG1N OS SHEI.L BUCKLING AT LAUNCH . - 
M/RGIN OS TUBE THERMAL STRESS . . . . - 

STRUT LE.MGTH, TUBE E.ENGTH (PL, TUBKL) - 
AXIAL SPACING OF DEWAR SUPPORT RINGS - 
STRUT A.NGIES (THETA, GAMMA) - 
TUBE CROSS SECTION .AREA, INNER DIAM) - 
TUBE WALL TEMCKNESS, R/T RATIO . . . .- 
PRETENSION (ONLY FOR TENSION STRAP ) - 
LAUNCH FREQ. MARGINS, (I.ATERAL, TILT) - 
I.AUNCH FREQ. MARGINS, (AXIAL. TORSION)- 


/^XIAL LENGTH- OF SGLASS TENSION MEMBER 
CROSS SECTION AREA OF SGLASS MEMBER 
ORBITAL FKFQ. MARGINS, (LATERAL, TILT) 
OtBITAL FREQ. MARGINS, ( AX I AL , TORS ION) 


2 

.7900E- 

02 


1 

.OOOOE* 

06 

7 

1 

.0000E< 

00 


1 

.9700E« 

01 


2 

. )200E + 

01 


2 

.4000E* 

00 


1 

.2945E* 

00 


1 

.3914E* 

00 


1 

. 3C16E« 

00 


2 

.2820E* 

00 


1 

.7309E* 

01 

1 

5 

.5390Et 

01 


7 

.41 ;iE* 

01 

3 

9 

. 32S5E- 

02 

1 

2 

.0924C- 

02 

3 

0 

.OOOOE* 

00 


9 

.9947E- 

01 

1 

9 

.9879E- 

01 

1 

1 

.5000E4 

00 


4 

.8292E- 

04 


9 

.9964E- 

01 

1 

9 , 

.9995E- 

01 

1 


OOOOEtOl 

OOOOE^Ol 


22U0E-03 


1909E+01 

9246E+01 

4046C«00 

422SE+01 

0631E+00 

5631E*00 


.0633E*U0 
5633 *00 
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Table 4.6 FOLDED TUBE SUPPORT 


DEWAR FOLDED TUBE CONCEPT, 1200 ulS. 


EFFECTIVE HEAT LOSS FACTORS FOR LAUNCH AND ORBIT... 
•A/L) FOR LAUNCH, ORPTT - 2.0935E-03 2.0075E-04 


WEIGHT AND LENGTH OF SUPPORTED EQUIPMENT. 

TOTAL WEIGHT - 

PAYLOAD WEIGHT (INSTRUMENT PACK) « 
TANK WEIGHT (CRYOGEN + CONTAINER) « 
VAPOR SHIELD + INSULATION WEIGHT » 
LENGTHS OF TANK, SHIELD 5.2700E+01 


1 .2000E+03 
4 .8000E+02 
3.9656E+02 
3.2344E+02 
1 .3150E+02 


CG LOCATION AND MOMENTS OF INERTIA OF SUPPORTED EQUIP 
CG LOCATION (FROM AFT END OF TANK) . .= 5.5390E+01 


rCLAR MOMENT OF INERTIA - 9.1321E+02 

mc::ent of inertia for tilting = 3 . 218 OE +03 

TANK + CRYOGEN TILTING = 1.2038E+03 


VAPOR SHIELD + INSULATION TILTING- 1.5337E+03 
PAYLOAD (INSTRUMENT PACKAGE) TILT » 4.8047E+02 

LAUNCH k ORBITAL FREQUENCY CONSTRAINTS- 3.5000E+01 2 

lAL AND LATERAL LAUNCH ACCEL. IN G S= l.OOOOE+01 1 

•JUNGS MODULUS OF TUBE MATERIAL - 6.0000E+06 

MAX. ALLOWABLE STRESS OF TUBE MATERIAL- 5.0000E+04 


CONDUCTIVITIES I BTU/ ( HR- IN. -DEG . F) ] FOR 
CONDUCTIVITY, K1 , OF TUBE 1 AT LAUNCH - 

CONDUCTIVITY OF TUBE 1 IN ORBIT . . . - 

JNDUCIIVITY OF TUBE 2 IN ORBIT . . . - 

CONDUCTIVITY OF TUBE 3 IN ORBIT . . . - 


SUPPORT. . 

2 .7900E-02 
3 .5600E-02 
2 .5500E-02 
1 .4900E-02 


INNER RADIUS OF CRYOGENIC TANK . . . 
OUTER RADIUS OF TANK AND PAYLOAD. . . 

INNER RADIUS OF VACUUM SHELL 

LENGTH OF RIGID PART OF SUPPORT . . . 


1 .490UE-02 
1 .9700E+01 
2.7200E+01 
5 . 0000 E •^00 


MARGIN ON MAXIMUM STRESS DURING LAUNCH- 
r-^JlGIN ON COLUMN BUCKLING AT LAUNCH . - 
MARGIN ON SHELL BUCKLING AT LAUNCH . = 
M/-_RGIN ON TUBE THERMAL STRESS . . . . = 


1 .2940E+00 
1 .3652E+00 
1 .0692E+00 
2.2121E+00 


STRUT LENGTH, TUBE LENGTH (PL, TUBED “ 
AXIAL SPACING OF DEWAR SUPPORT RINGS = 
STRUT ANGLES (THETA, GAMMA) - 
TUBE CROSS SECTION (AREA, INNER DIAM) = 
TUBE WALL THICKNESS, R/T RATIO . . . .= 
PRETENSION (ONLY FOR "ENSION STRAP ) = 
LAUNCH FREQ. MARGINS, (LATERAL, TILT) = 
LAUNCH FREQ. MARGINS, (AXIAL, TORSION) - 


1.7308E-t-0l 1 

5.5390E+01 
7.4171E+Cj 3 

7.6962E-02 1 

1.6767E-02 4 

O.OOOOE+00 
9.9936E-01 1 

9.9652E-01 1 


LENGTHS OF FOLDED TUBES NOS. 2 AND 3 » 

•'••'TR r*DIUS OF TUBE NO. 2 = 

LSS 01 TUBE NO. 2 - 

uUVER RADIUS OF TUBE NO. 3 - 

THICKNESS OF TUBE NO. 3 “ 

ORBITAL FREQ. MARGINS, (LATER7L, TILT) - 
ORBITAL FREQ. MARGINS, ( AXI ACL , TORSION)- 


1 .1692E+01 
6 .7214E-01 
3.’7617E-02 
2 .4373E-01 
1 .OOOOE-02 
9.9683E-01 1 

9.9600E-01 1 


.OOOOE+01 

.OOOOE+01 


.2308E+01 

.5242E+01 

.4443E+00 

.3569E+01 

.0629E+00 

.5629E+00 


.0602E+00 

.5589E+00 


4-19 



I 


Table 4.7 TENSION BAND SUPPORT 


DEWAR TENSION STRAP CONCEPT, 2000 LBS. 

ETFECTIVE HEAT LOSS FACTORS FOR LAUNCH AND ORBIT... 
(KA/L) FOR LAUNCH, ORBIT - 5.0889E-03 4.6174E-03 


WEIGHT AND LENGTH OF SUPPORTED EQUIPMENT. 

TOTAL WEIGHT »■ 

PAYLOAD WEIGHT (INSTRUMENT PACK) » 
TANK WEIGHT (CRYOGEN + CONTAINER) » 
VAPOR SHIELD + INSULATION WEIGHT - 
LENGTHS OF TANK, SHIELD 1.0630E+02 


2.0000E+03 
4 .8000E+02 
8.8360E+02 
6 .3640E+02 
1 .8510E+02 


CG LOCATION AND MOMENTS OF INERTIA OF SUPPORTED EQUIP 
CG LOCATION (FROM AFT END OF TANK) . 8.3171E+01 


POLAR MOMENT OF INERTIA » 1.6153E+03 

MOMENT OF INERTIA FOR TILTING » 1.2160E+04 

TANK + CRYOGEN TILTING =» 4.4407E+03 


VAPOR SHIELD + INSULATION TILTING= 5.3173E+03 
PAYLOAD (INSTRUMENT PACKAGE) TILT “ 2.4017E+03 


LAUNCH & ORBITAL FREQUENCY CONSTRAINTS* 
AXIAL AND LATERAL LAUNCH ACCEL. IN G S= 
YOUNGS MODULUS OF TUBE MATERIAL .... = 
MAX. ALLOWABLE STRESS OF TUBE MATERIAL* 


3.5000E+01 2 

l.OOOCE+01 1 
7 .5000E+06 
5.6000E+04 


CONDUCTIVITY OF STRAP AT LAUNCH 
CONDUCTIVITY OF STRAP IN ORBIT 


3 .1300E-02 
2 .8400E-02 


INNER RADIUS OF CRYOGENIC TANK. . . . 
OUTER RADIUS OF TANK AND PAYLOAD. . . 

INNER RADIUS OF VACUUM SHELL 

LENGTH OF RIGID PART OF SUPPORT . . . 


1 .OOOOE-08 
1 .9700E+01 
2 .7200E+01 

2 .OOOOE-02 


MARGIN ON MAXIMUM STRESS DURING LAUNCH* 
MARGIN ON SLACK STRAP DURING LAUNCH . * 
MARGIN ON STRAP THERMAL STRESS . . . * 


1 .1488E+00 
9.9994E-01 
9.8381E-01 


STRUT LENGTH, TUBE LENGTH (PL, TUBEL) = 
AXIAL SPACING OF DEWAR SUPPORT RINGS = 
STRUT ANGLES (THETA, GAMMA) * 
TUBE CROSS SECTION (AREA, INNER DIAM) * 
TUBE WALL THICKNESS, R/T RATIO . . . .- 
PRETENSION (ONLY FOR TENSION STRAP ) » 
LAUNCH FREQ. MARGINS, (LATERAL, TILT) = 
LAUNCH FREQ. MARGINS, (AXIAL, TORSION)* 


2.2162E+01 2 

7 .1287E+01 
7.4171E+01 5 

3.0000E-01 0 

O.OOOOE+00 C 
7 .3117E+03 
9.9979E-01 9 

1.7072E+00 1 


.0000E+0;i 

.OOOOE+01 


•2142E+01 

.0369E+01 

.OOOOE+00 

.OOOOE+00 

.8951E-01 

.5177E+00 
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CONDUCTANCE 

W/K 



Fig. 4.7 Launch Support Conductance 

The Inflection in the tension band support curve at 770 kg (1698 lb) is due to a 
change in which margin requirement designs the supports. Below ~ 770 kg (1698 
lb) the lateral frequency margin is the de«:igning criteria. Above 770 kg (1698 
lb), the tilt frequency margin designs the supports (due to the increasingly 
longer helium tank). The folded tube data shows it is the optimum support for 
launch conditions. This analysis, however, is too optimistic for the FTS since 
it does not account for radiation heat flow from the outer tube to the if r 
tubes. 
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Fig. 4.8 plots the orbit support conductance as a function of supported weight. 
Here, the PODS (cold end only) is the optimum support system. Since the 
calculated conductance values in Fig. 4.8 are based on solid conduction heat 
transfer only (no radiation), a check was made on the PODS system (cold end) to 
see if this assumption was valid. The PODS thermal model was used to calculate 
the conduction and radiation heat transfer as a function of the first vapor 
cooled shield temperature, Tj. Note in Fig. 4.9 that radiation is negligible 
below 30K (54R) so the conduction only assumption used is valid for the PODS 
support system. The inflection in the conduction curve in Fig. 4.9 at ~ 15K 
(27R) is due to the change in slope of S-glass conductivity at this temperature 
as shown in Fig. 4.’0. 

Using the FTS thermal model, analyses show radiation cannot be neglected for the 
FTS as indicated by the temperature distributions shown in Fig. 4.11. Note the 
temperature goes up from tube 1, 180K (324R), to tube 2, 209K (376R), and then 
back down to 125K (225R) at tube 3 showing radiation heat transfer between tubes 
is significant. Consequently, the FTS conductance data shown previously in Fig. 
4.8 that ignores radiation heat transfer is too optimistic (low). Note the 
tension band support system conductance in Fig. 4.8 is over an order of 
magnitude higher than the optimum system, PODS (cold end only). 

The effect of support conductance or. single-stage dewar wight was calculated 
using the Ck/OP program as shown in Fig. 4.12. Note the PODS system (cold end 
only) was the lowest weight; FTS is 4% higher and the tension band dewar weight 
is double the POOS dewar weight. Also note the PODS system will support a full 
helium tank minus the instrument, without shorting thermally. Consequently, 
simulated space parasitic heat rates for the supports can be measured in one-g 
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* The final support design shown later in 
Fig. 5.24 will support 600 kg (1322 lb) 
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•SUPERFLUID HELIUM 
(500) 
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Fig. 4.12 Comparison of Weight Factors for Support System Candidates 
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thermal tests. For the FTS, it is marginal whether this type of test could be 
performed even with a partially filled tank. 

4.3 SUBJECTIVE TRADE STUDIES 

Fabrication and assembly costs were estimated per strut for both strut 
candidates. These estimates assume all the manufacturing processes have been 
demonstrated and all required tooling or assembly fixtures are available. The 
estimate per strut is based on a total build of 18 struts. No product assurance 
hours are included in the estimates. The material costs and hour estimates for 
the PODS struts are based on records kept while the engineering model strut was 
being fabricated and assembled on the Lockheed Independent Research Program. 
The folded tube strut estimate was kept consistent with the PODS numbers where 
comparable materials or assembly tasks are used. As can be seen from Table 4.8, 
the total cost per strut and the delta are: 

FTS $2882 

PODS (cold end) $2459 

A $ 423 

The cost differential is insignificant compared to total program costs. 

The steps required to install a tank within the Invar vacuum shell ring using 
the strut supports is given as follows. 
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Table 4.8 COMPARISON OF STRUT FABRICATION AND ASSEMBLY COSTS (PER STRUT) 


FOLDED TUBE I 

PODS (COLD END ONLY) 

Estimated Purchased Material 

Costs 

Based on Actual Purchased Material Costs 

1 ($1980) 


($1980) 


Machined Invar Parts, 

490 

Machined Invar, 

307 

' S.S. farts 


S.S. Parts 


Rod Ends 

700 

Rod Ends 

700 

F.G. Tubes 

150 

F.G. Tube 

50 

Mi sc _ 

_1Q__ 

Mi sc 

50 ! 

1 $1390 


$1107 1 

1 

1 ESTIMATED HOURS 

BASED ON ACTUAL HOURS 

Dimensional Check 

2 

Dimensional Check 

3 

Gold Coat Parts 

16 

Gold Coat Parts 

8 

Bond Operation 

1.5 

Bond S-Glass, 4 Times 

8 

Insulation Discs 

0.8 

Epoxy On-9 Pins, 2 Tii>»s 

2 

^ MLI Wrap 

4 

Prestress Bond, 2 Times 

4 

Bond Operation 

1.5 

A1 Washer Bond, 2 Times 

0.5 

MLI Wrap 

4 

Install Insulation Discs 

0.8 

Bond Operation 

1.5 

F.G. Tube Bond 

1.5 

Clearance Adj Locknut 

2 

Outer Insulation Wrap 

2 

Load Test 

2 

Load Test 

2 

Vacuum Bakeout 

2 

Vacuum Bakeout 

2 

TOTAL HRS/STRUT 

37.3 

TOTAL HRS/ STRUT 

33.8 

AT $40/HR 

$1492 

AT $40/HR. 

$1352 

TOTAL COST/STRUT $ 

2882 

TOTAL COSTS/STRUT 

$2459 


A COST PER DEWAR 
12(2882-2459) = $5076 
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FTS 

PODS 

• Prefit struts to tank and 

• Prefit struts to tank and 

vacuum shell (with load gap 

vacuum shell with "zero" 

locked) . 

clearance load pins installed. 

• Tighten locking nuts. 

• Tighten locking nuts. 

• Remove struts and reset load 

• Remove "zero" clearance load 

gap. 

pins and install flight load 


pins. (If access is a problem. 

• Reinstall struts. Check 

the struts can be removed and 

nonshorting of strut across 

installed one at a time for 

the load gap with an ohmeter. 

this operation.) Check non- 


shorting between the stem and 


the body with an ohmeter. 


The analysis, design and fabrication complexity for accepting point loads into the 
vacuum shell or tank are cor, parable for either support system. 

Installation complexity of multilayer insulation around the struts is the same for 
either support candidate. However, vapor cooling the PODS supports is easier than 
the FIS because of the restricted access to tubes 2 and 3 of the FTS. 

The operational reliability of both support systems is comparable since they both 
operate in a passive mode with design stress levels set low enough (25% of 
ultimate) to preclude fatigue failures. 

Therefore, from a cost, fabri cat ion/assembly complexity or reliability viewpoint, 
the PODS has a slight but not significant edge. 
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4.4 SELECTED SUPPORT SYSTEM 


The PODS (cold end only) support system has been selected over the FTS system 
based on tne analyses performed In Sections 4.2 and 4.3, A summary of the 
reasons for this selection are: 


• Lower orbital support conductance 

• Dewar weight lower by 4% 

• Orbit performance can be demonstrated in onc-g 

• For lower orbit resonances, PODS heat rate can be decreasef^; FTS 
tube #13 is at minimum gage. 

• PODS geometry is ideal tor vopor cooling. Tubes 2 end 3 of FTS 
require separate cooling circuit. 

• Other factors are about equal : 

• Cost 

• Reliability 

• Effect of point loads on weight 

• Ease of MLI and vapor-cooled shield installation 
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Section 5 


DEWAR DESIGN AND PERFORMANCE 

Based on the analyses performed in Sections 3 and 4, a single-stage helium 
dewar (with 5 vapor-cooled shields and 12 PODS struts) was selected for 
further analysis and design. Initially, some additional system analyses were 
performed to further define the dewar design. Using the results of these 
analyses, the design was drawn using CADAM, the thermal performance was 
analyzed and weights were calculated. 


6.1 SYSTEM ANALYSES 

Prior to finalizing the dewar design, a number of system analyses were 
required to make design choices or to optimize system performance. These 

analyses included modeling the system thermal performance; selecting the 
optimum vapor-cooled shield thickness and attachment design to the struts; 
analyzing the struts' unique attachment requirements based on system operating 
temperature ranges; sizing the porous plug, vent lir„.'S and bur-i discs; 
selecting the optimum ground hold concept and selecting the optimum tanit and 
vacuum shell material and design. 

6.1.1 System Thermal Modeling 

A thermal nodal network of the dewar was setup for both the ground hold and 
orbital cases as shown in Figs. 6.1 and 6.2 The thermal analysis was 
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performed using the THERM program. In the figures, R represents conduction 
resistors and K radiation resistors. 

For the ground hold model, note the PODS supports have both conduction (R7, 
R62) and radiation (Kll, Kl?) resistors at the cold end since the design 
described later in this section does not short out against the load pins in 
one-g. The first vapor-cooled shield is shorted (mounted) to the torus tank, 
node 11 (described later in Section 5.1.5), and consequently runs at 4.2K 
(7.6R). Heat sink nodes 31 through 35 represent the heat removed by the 
normal helium vent gas. Note the fill line is only shorted to the first 
vapor-cooled shield; otherwise, fill with superfluid helium would not be 
possible. The wire feed throughs are divided into the parallel wire resistors 
(R50-R55) and Mylar cone resistors (R90-R95) shown later in Fig. 5.23. The 
aperture cover is radiatively coupled to the dewar through resistors K19 
(inner sur^^ace) and K20 through K24 (the ends of the shields viewing each 
other) . 

The orbit case shown in fig. 5.2 is similar to the ground hold case with the 
following chaiiges. The aperture cover is ejected in orbit so nodes 26-30 (the 
flanged ends of the vapor-cooled shields) radiate to deep space. Also, the 
first vapor-cooled shield tempe''ature and torus tank are not set at 4.2K 
(7.6R) but float. 

5.1.2 Vapor-Cooled Shield Analyses 

Three analyses were conducted on the vapo»"-cooled shields. The first analysis 
determined the minimum thickness required, from a thermal stanu^^oi nt , to 
minimize system weight. The second analysis determined if the minimum 
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thickness required thermally was adequate structurally while the third 
analysis calculated the flexure capability required at the shield/strut 
attachment point due to differential contractions of the tank, vacuum shell, 
struts and vapor-cooled shields. 

5. 1.2.1 Shield Thickness Analysis . Using the orbit thermal model described in 
Section 5.1.1, the vapor-cooled shield thickness was varied parametrically. 
The overall dewar heat range did not increase more than 1.7% going from 0.5 mm 
(0.020 in) thickness down to 0.127 mm (0.005 in). Consequently, from a 
thermal standpoint, a 0.127 mm (0.005 in) thick vapor-cooled shield is 
adequate. 


5. 1.2.2 Shield Structural Analysis . The vapor shield must carry its own 
weight plus the weight of the insulation blanket wrapped on top of it. The 
0.127 mm (0.005 in) shield must be stiffened to carry this load. The most 
efficient means is to bond an aluminum honeycomb core on one side only (no gas 
can be trapped in the cells with this arrangement). 

The face plate is made of 0.127 mm (0.005 in) thick 6063 aluminum and the core 
is aluminum honeycomb designated as 5052/F40-.0013 with a density of 33.7 
kg/n^ (2.1 Ib/ft^). There are 1.3 cells per cm and the gage is 0.033 mm 
(0.0013 in). 

The loading on the vapor shield is the weight of the shield and the insulation 
between two concentric vapor shields. The weight of the thickest layer of 
insulation weighs 1.22 kg/m^ (0.25 Ib/ft^). A load factor of 10 is to be 
carried by the shield. 
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For the analysis, the shield is assumed to be loaded by a hydrostatic pressure 
rather than the gravity loading of the shield and insulation blanket. This is 
a slightly conservative approach which allows a simplified analysis. The 
dimensions are that of the outermost shell: 1.32 m (52 in) diameter and 2.32 m 
(91.5 in) length. The PANDA code was used to investigate the effect of the 
height of the honeycomb core on the buckling pressure. 


In the first analysis, the faceplate/honeycomb combination was treated as a 
shell wall consisting of two liomogeneous layers. In this case, the honeycomb 
modulus was taken as 4.5 x 10^ N/m^ (65000 psi), in accordance with the 1981 
revision of the publication "Mechanical Properties of Hexcel Honeycomb 
Materials, TS8120". The following table gives results from this senes of 
analyses : 


Skin Thickness Core 
mm (in) cm 

0.13 (0.005) 0.64 
0.13 (0.005) 0.89 
0.13 (0.005) 1.3 


Height Loading 
(in) N/m^ (psi ) 

(0.25) 175 (0.0254) 
(0.35) 183 (0.0266) 
(0.51 196 (0.0284) 


Buckling Pressure 
N/m^ (psi ) 

3,700 (0.537) [1,5] 
7,500 (1.087) [1,5] 
16,200 (2.351) [1,4] 


0.25 (0.010) 


0.64 (0.25) 210 (0.0304) 


4,600 (0.665) [1.5] 


In the above table, the "Loading" is the combined weight of the shield and 
insulation blanket. The buckling pressure is the general instability pressure 
and the numbers within the brackets give the axial and ci rrumferential numbers 
of buckling waves. The table seems to indicate a substantial margin between 
the buckling pressure and the applied loading (3700/175=21) in the first case, 
for example), but we have to remember that the honeycomb is treated as a 
homogeneous layer and not as a structure built up of very thin plates. 



unsupported on one edge. To make an assessment of the local buckling modes, a 
second series of PANDA analyses were made as follows. 

The honeycomb was modeled as "rings" and "stringers" spaced 0.76 cm (0.3 in) 
apart (1.3 spaces per cm, as in the honeycomb). Thus, a square pattern 
results, not a hexagonal as in the honeycomb. The ring/stringer model is 
conservative; there is a smaller amount of stiffening material than in the 
honeycomb, and the "ring" and "stringer" stiffeners are not attached to each 
otheh at their intersections. The results obtained in this analysis are listed 
in the following table: 

Skin Thickness Core Height Loading Buckling Pressure 

mm (in) cm (in) N/m^ (psi) N/m^ (psi) 

0.13 (n.005) 0.64 (0.25) 175 (0.0254) 515 (0.0747), ring 

buckling, n=272 

Here the "rina" part of the honeycomb buckles (or rolls) at a much lower load 
than the general instability load found for the two-layer shell model discussed 
above. (General instability loads for the ring/stringer model was 2455 N/m^ 
(0.355 psi). These loads are lower than the corresponding loads for the 
two-layer skin model; this is so because of the smaller amount of stiffening in 
the square stiffener pattern.) The 272 waves correspond to a wave length of 
0.76 cm (0.3 in), which is the same as the spacing of the rings. The actual 
honeycomb material, with its shorter unsupported plate lengths, must have a 
higher buckling load than the one given in the table above. 

To summarize: tne above-described analyses indicate that the vapor shield with 

a 0. 13 rm (0.005 in) face and a 0.64 cm (0.25 in) high honeycomb core will 
survive a 10-g loading with an extra margin of 515/175=2.9. 
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5. 1.2. 3 Shield Attachment Analysis . Since the vapor-cooled shields are 
supported off the 12 PODS struts, it is important they do no exert enough force 
on the struts to thermally short out the load pins in orbit. This load can 
develop due to the different contraction values for the vacuum shell, struts, 
tank and the vapor-cooled shields as the temperatures change from ground hold 
values to orbit values. Worst case mismatch values between the strut and the 
vapor-cooled shield were calculated to be, for a = 200K (360R) case; 



A Movement 



nn (in) 


Radi al 

0.89 (0.035) \ 

Based on the 
selected design 

Axial 

0.48 (0.019) 

shown later in 
Fig. 5.22 

Ci rcumferential 

0.13 (0.005) ) 



These values require an attachment design that permits this amount of movement 
by either shield deflection or attachment deflection. 

5.1.3 Support System Analyses 


I'’ order to prevent the PODS support system from thermally shorting out in 
orbit, the six supports attached to the tank and the six supports attached to 
the instrument flange support must either: 


1. Be allowed to move independently of each other in the axial 
direction as the tank and instrument cooldown to < 2K (< 3.6R) 
and the vacuum shell temperature fluctuates in orbit; or 

2. The strut spacing between the six pairs of struts must be set 
so the forced change in length of a strut is <0.13 mm (< 
0.005 in) with the primary tank and instrument structurally 
joined. 
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Six supports can be used to independently support the primary tank and another 
six struts support the instrument as long as the six attach points are in a 
common plane. Six supports provide a statically determinate support system but 
the tilt loads can be higher than when the tank and experiment are tied 
together structurally, i.e., the first alternative requires the use of a 
mechanical link between the tank and instrument such that axial movement can 
occur but lateral movement is restricted. A linear ball bushing or scissors 
links satisfies this requirement although there are questions whether the links 
would be stiff enough in the lateral direction and whether cryodeposits might 
freeze the linkage and prevent movement. The magnitude of the required 
movement is set by the axial spacing of the six pairs of struts, i.e., 0.086 cm 
(0.034 in) for a typical spacing of 1.3 m (52.8 in). 

The second alternative requires setting the strut spacing, Ls, such that the 
forced change in length of the strut is ^ 0.13 mm (< 0.005 in). Figs. 5.3, 5.4 
and 5.5 illustrate in three different views how the pinned end struts move when 
both the tank and the vacuum shell temperatures are reduced. The movements are 
artificially divided along separate axes for each effect, i.e., tank shrinkage, 
strut shrinkage, and vacuum jacket shrinkage, to better illustrate how the 
movements were calculated. In actuality, this movement occurs simultaneously. 

For tank cooldown, the "thermal null" point occurs when: 

Ls/2 (aL/l) = BC CD 

where 

• Ls/2 is defined in Fig. 5.3 

• A L/|_ is the unit change in length of aluminum going 
from 300 to 2< (540 to 3.6R) 

• Lengths BC and CD are defined in Fig. 5.3 
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Fig. 5.3 Thermally Induced Strut Movement, Cross Section Side View No. 1 
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Fig. 5.4 Thermally Induced Strut Movement, Top View 
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Fi^. 5.5 Thermally Induced Strut Movement, Side view No. 2 





For vacuum shell cooldown (after the tank and Instrument are at 2K (3.6R)), the 
"thermal null" point occurs when: 

Ls/2 (aL/l) - BC + CD + EF ♦ FH - ED 

where lengths EF, FH and ED are defined in Fig. 5.3. 

The thermal null value for L$ was calculated and plotted vs. the vacuum shell 
temperature in Fig. 5-6. 

An average value of Ls was then chosen, 93.6 cm (36.85 in) that minimized the 
forced change in strut length as the Invar vacuum shell temperature changed 
over a typical range in orbit. Note in Fig. 5.7 the forced change in strut 
length over the vacuum jacket temperature range of 100 to 250K (180 to 450R) 
never exceeded 0.044 mm (0.0017 in), well within the allowable limits of 0.127 
mm (0.005 in). Also note tho Ls value can be varied slightly without affecting 
the forced strut length change significantly. 

A PANDA/DEWAR run was performed using the selected Ls value of 93.6 cm (36.85 
in) as shown in Table 5.1. The orbit conductance value was increased 631 over 
a system where Ls was allowed to optimize based on structural and resonance 
considerations only. (If the helium tank configuration was changed to a toroid 
surrounding the instrument, this orbit increase would be much less because the 
tilt frequency margins are sizing the supports (Table 5.1) due to the long, 
narrow design. A dewar with a toroidal tank is 401 shorter than the current 
design. ) 

The prelaunch conductance drops lo near the orbital value (depending on T^) 
because the larger S-glass strands can now support the fully loaded tank and 
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Fig. 5.6 Thermal Null Value of 



Fig. 5.7 Forced Changes in Strut Length Due to Changes in the Vacuum 
Shell Temperature 
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Instruntnt without thtnMily thorting out tht load pins. (For purpostt of 
optimizing tho fibtrglast tubt dlmtnslons for launch, tha PANDA-DEMAR program 
assumes the load pins are shorted; consequently, the launch conductance value 
shown In Table 5.1 is correct for launch but not for prelaunch ground hold.) 
Since the orbit heat leak for the vapor cooled struts wlthithe selected L$ 
value Is currently 3.1 mW, this amounts to a 1.2 UN Increase over supports 
where L$ Is allowed to optimize (a SS Increase In the total heat rate, not a 
significant change). Consequently, this method of support (Invar vacuum ring 
plus a thermal null value of L$) was selected over the use of linear ball 
bushings or scissor linkages, because It Is completely passive requiring no 
moving parts and has a minimal thermal Impact. 

During the dewar development program, accurate thermal contraction data will be 
obtained on assembled struts. Invar and aluminum to set an accurate value of 


5.1.4 Plumbing Analyses 

Sizing ana', .s were performed on the porous plug, went line and burst discs. 

5 , 1 . 4.1 Porous Plug Sizing . The porous plug was sized based on fie test data 
obtained by Lockheed [5.1] and shown in Fig. 5.8. 

The helium vent rate for this dewar Is ~ 9 cc/sec (0.06 InVsec). It Is 
desired to keep the pressure drop across the plug down to < 1.0 torr (0.02 psi) 
so the flow area has to be Increased (using a safety factor of 10) to 


5-16 


or a diameter of 7.6 cm (3.0 In). 


10 


VOLUME aou 

MTE AT Att 
TEMP AND PRESS 

CC/S 

(IN^/9 


O 


O 


□ 




(0.05) 

* I * I 


TES: 


2-5 MICRON PLUG 
0 SNe GUARD 
A LNp GUARD 
□ LNb GUARD 


O 


0 


O 




§ 


STEADY STATE 


O 


I I 


( 0 . 1 ) 


A 


A 


1 


3 4 5 

AP. TORR CPSI) 


w 

STEADY STATE 


Fig. 5.8 Porous Plug Test Data 



5.1. 4.2 Vent Lint Sizing . The vent line size was optimized for a helium dewar 
temperature of 1.73K (3.1 1R) using the PRESS program as shown In Table 5.2. 
Kote the line diameters for shields 4 and 5 are larger than the honeycomb 
thickness of the shield, C.64 cm (0.25 in). Consequently, elliptical or 
rectangular tubing of an equivalent area is required for these shields to 
present the tubing from protruding beyond the shield. 


Table 5.2 OPTIMIZED VENT LINE DIAMETERS 


Line 

Tenp, 
K (R) 

Length, 
M (In) 

Diameter, 
cm (In) 

From Tank to Shield 1 

2 (3.6) 
to 

22 (40) 

0.76 (30) 

0.32 (0.13) 

Shield 1 Circumference 

22 (40) 

3.23 (127) 

0.32 (0.13) 

Shield 2 Circumference 

40 (72) 

3.38 (133) 

0.32 (0.13) 

Shield 3 Circumference 

65 (117) 

3.56 (140) 

0.64 (0.25) 

Shield 4 Circumference 

101 (182) 

3.81 (150) 

0.95 (0.37) 

Shield 5 Circumference 

14? (265) 

4.01 (158) 

0.95 (r.37) 

Shield 5 to External Vent 

147 (265) 
to 

200 (360) 

0.46 (18) 

0.95 (0.37) 


Total Length: 19.2 (756) 


NOTE: Tank temperature Is 1.73^K (3. UR); tank pressure Is 
9.4 Torr (0.18 psi); pressure drop across porous plug 
Is 1 Torr (0.02 psi) 


5. 1.4.3 Burst Disc Sizing . An extreme emergency condition was postulated 
where the vacuum shell 1. punctured and air Is rapidly solidifying on the 
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superfluid helium tank and instrument shrjud and on the normal helium torus 
tank and first vapor cooled shield. The heat rate to each tank was taken from 
Fig. 5.9 [5.2] based on their respective surface areas. The "Cryostat with 
ML I" curve was used. 



A'^ea 

m2 (ft2) 

Max. Heat Rate 
W (Btu/hr) 

Superfluid tank plus 

19.5 (210) 

3,000 (375,000) 

instrument shroud 



Torus tank plus first 

23.9 (257) 

140,000 (475,000) 

vapor cooled shield 




Since the heat rates were about equal, calculations of the required burst disc 
diameter were made using the PRESS program for only the higher value . The 
diameter is plotted as a function of the tank pressure in Fig. 5.10. 

This calculation assumes the helium is dumped directly into the instrument 
cavity. A burst disc on the vacuum shell Invar ring then dumps the helium 
outside the dewar. The gas couldn't be routed directly out of the dewar 
because the line sizes were getting so large the orbit heat rates down the 
lines became excessive. 

For the torus tank, a burst disc diameter of 5.1 cm (2.0 in) was selected. For 
the primary tank, the burst disc should be larger because air will also be 
solidifying on an instrument of unknown area that is conductively coupled to 
the tank. The primary tank burst disc diameter was arbitrarily doubled to 10.2 
cm (4.0 in) to account for the instrument. 
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Fig. 5.9 Measured Peak Heat Rates of Helium Dewars Exposed to Air 


(PSD 



Fig. 5.10 Burst Disc Diameter as a Function of Tank Pressure 
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5.1.5 Ground Hold Analyses 


Once the single stage helium dewar Is Installed In the Orbiter and loaded with 
superfluid helium. It Is desirable, from an Orbiter servicing point of view, 
not to require further dewar servicing. From the Orbiter timelines. It appears 
desirable to have greater than a 10-day prelaunch hold capability for the dewar 
(although servicing up to a day prior to launch Is feasible). 


To see what ground hold capability the reference subatmospheric pressure 
superfluid helium dewar has, a calculation was made on the time It taker for 
the nonvented tank temperature to rise from 1.73 to 2.0K (3.1 to 3.6R). From 
Table 5.3, the maximum allowable ground hold time Is 0.6 days. 

Table 5.3 COMPARISON OF GROUND HOLD METHODS 


1 

' No, 

— 

Concept 

Ground 
Hold Time 
Without 
Servicing 
(Oiyt) 

Or.«niiwn hiti n 

Oorbit 

Superfluid 
Helium Tink 

Added Height 
(Oewir or 
Flight 
iquipment) 

Comments 

1 Ref 

1 

1 

1 

Hold Superfluid 
Hel lun Tink Non. 
tented 

0.6(>) 

6S 

... 

This method Is 
unicccpt'ble 
unless ground 
hold times ire 
kept very short. 

1 1 

1 

1 

1 

1 

1 

Add Normll Hellua, 
Helium Tink for 
GrounI Hold Cooling 
(tee Fig. S.li) 

12 

0.13(5) 

3.S LHe 
4.3 Torus 
1,0 Plumbing 
B.8 Ag (19 tb) 

The helium tink 
cm be sited for 
iny ground hold 
period, Mlnimil 
shuttle Inter- 
fices. 1 

' 

2 

1 

1 

Shuttle 

Onboird 

Pumping 

System 

(See Fig. S.n) 

At long IS 
required 

(Z) 

1.3(«) 

24. S Pump(S) 

2.0 Controls 
l.S Plumbing 
2.0 Supports 
J3.0 Kg'^TTJ 1b) 

The on.boird 
pumping system 
requires pooc 
from the Orbiter 
during prcliunch; 
line sepiritlon 
system for 
flyer mission . 

(operitet only 
during preliunch), { 


NOUS 

(1) For i ttnperiture rist of 1.73 k to 2.0 k (3.IR to 3.611) 

(2) Tit -;]roond hold period c«n be eitended elth «n eqblvtlert lost of orbitel life 
»ho«n. 

(3) The ftrit veper -cooled thield It thorted to the torus tink ; consequently, the heit 
rite Into the priMry tenk It eitrenwiy lot) due to the 4.2K (7.6R) Iwundtry. Also, 
the POOS supports «rc not thorted out In one-g. 

(4) The higher heit rite Is due to the righcr Mna txiundiry tcaperiture of 300k (S40A) it 
coMpired to orbit. 


(S) Leybold Hereeus 02A puap. 


5-21 




Since holding the tank non-vented did not provide an adequate ground hold time, 
two other ground hold concepts were examined. 

5. 1.5.1 Concept 1: Normal Helium Tank . To extend the ground hold period and 
reduce the orbit weight penalty, a one atmosphere pressure, 4.2K (7.6R) helium 
torus tank plus one additional valve was added to the dewar as shown in Fig. 
5.11. The tank is thermally shorted to the first vapor cooled shield to 
intercept the ground hold parasitic heat load. During ground hold, the normal 
helium vapor is vented through all of the vapor cooled shields. The tank can 
be located inside the 1.7K (3.1R) enclosure because the radiation heat transfer 
is negligible between the torus and the superfluid helium tank. The 
subatmospheric pressure superfluid helium tank is non-vented during ground 
hold. Table 5.3 shows the added bottle, helium and plumbing weight, 8.8 kg (19 
lb), for a 12-day prelaunch ground hold. 

5. 1.5.2 Concept 2: Onboard Pumping System . To keep the superfluid helium 
tank at 1.7K (3.1R), a pumping system is located onboard the Orbiter to 
maintain the appropriate low pressure in the tank as shown in Fig. 5.11. The 
pumping system fHes with the Orbiter but is operated only during the prelaunch 
phase. In orbit, the dewar vent line is separated from the pumping system 
prior to dewar ejection from the cargo bay; the pumping system remains in the 
Orbiter. This system has a higher heat rate into the superfluid helium tank by 
a factor of 10 over Concept 1, and the added system weight is higher, 33 kg (73 
lb) vs. 8.8 kg (19 lb). For orbital altitudes higher than the Orbiter is 
capable of achieving, i.e., requiring the use of the lUS, the added dewar 
weight becomes more important. Comparison of Concepts 1 and 2 shows Concept 2 
is 4.3 k.j (9.5 1b) lighter. 
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Fig. 5,11 Ground Hold Candidates 



Concept 1 5.3 kg (11.7 lb) (tank, plumbing) 

Concept 2 1.0 kg ( 2.2 lb) (one valve) 

A 4.3 kg ( 9.5 lb) 

5. 1.5. 3 Selected Concept . Concept 1 has been selected for the reference 
design for the following reasons: 

1. A nonvented tank without cooling or pumping does not provide 
adequate ground hold times with acceptable weight penalties. 

2. Concept 1 is lighter by ~ 24 kg (53 lb), has a lower heat 
rate into the superfluid tank by a factor of 10 and has 
simpler orbiter interfaces than Concept 2. 

3. The slight dewar weight advantage for Concept 2. 4 kg (8.8 
lb), at higher orbital altitudes is not significant enough to 
justify selection of Concept 2. 

5.1.6 Vacuum Shell Analysis 

The vacuum shell is divided into four parts; 1) the center invar ring to which 
the 12 PODS supports are attached; 2) the aft cyMnder/dome ; 3 ,' the forward 
Cylinder; and 4) the aperture cover. Analyses w«*re performed on the 
cylinder/dome and cylindrical sections ^o ete/^ne which material should be 
used and the ring and membrane dim *icns required. The required buckling 
pressure capability of the shell i' at at 

1.03 X 10= N/m2 (1.5)/(0.7) = 2.21 x 10^ N/m^ 

or 

(15 psi) (1.5)/(0.7) = 32 psi 

where 1.5 is a safety factor and 0.7 is a knockdown factor to account for 
manufacturing imperfections. 
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Of the two cylindrical segments, the longer one (cylinder only) is the buckling- 
critical one. A preliminary analysis (Baruch-Singer) indicated that this 
cylinder buckles in 4 circumferential waves. Based on this, a STAGS model was 
set up and subjected to a bifurcation buckling analysis. Figure 5.12 shows the 
STAGS model and the buckling mode shape. 



Fig. 5.12 Vacuum Shell Buckling Mode Shape 

A weight analysis was then performed on the cylinder only section for Irvar, 6A1 
4V titanium and 6061 aluminum. Using PANDA, the buckling pressure was set at 
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1.03 X 10^ N/m^ (32 psi ) in a general instability mode with four circumferential 
waves. The ring thickness was set and the ring spacing was varied. The optimum 
ring height, membrane thickness and cylinder weight was calculated and plotted 
in Figs. 5.13 and 5.14. Note a substantial weight penalty is incurred going to 
an al 1 Invar shel 1 . 

The aluminum vacuum shell is the lightest weight and is also the lowest cost 
shell to build. Consequently, a design concept was developed where an Invar 
flange transitions into an aluminum vacuum shell as shown in Fig. 5.15. 

A simplified model with a symmetry plane replacing the ring is shown in Fig. 
5.16. Versions of this model were used for preliminary analyses of the joint. 

The joint is fabricated at 300K (540R), and subsequently baked out at 350K 
(630R) and cooled to lOOK (180R) in orbit. The worst case is the cooling. 
During the cooling, the aluminum contracts in the radial direction about 0.2S cm 
(0.1 in) while the Invar section only wants to contract some 0.06 cm (0.025 ini. 
But the twain must meet, so forces are applied which create stresses. There is 
no way to avoid these stresses by beef mg up the material, a thickness increase 
in one material will result in a stress increase in the other. 

There are two stress problem? ’n the joint which are addressed here. 

Assuming that the bond between the Invar and aluminum is intact, the structure 
behaves as a shell structure with variable thickness layered skin (the skin is 
layered Invar-alurninum-Invar in the joint area). This problem is solved by 
thin-shell analysis, in this case with the help of the STAGS finite element 
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Fig. 5,13 Vacuum Jacket Weight vs. Materials 



RING SPACING. W 



R - RADIUS GF CURVATURE 
AT DOME APEJI 

P - 4.1 X 10^ n/m^ 

(60 PSI) 

(KNOCKDOWN FACTOR 
CF 0.375) 

= DOME NE«RANE 
THICKNESS 

• AL .36 cm (.14 IN) 

. TI .28 CM (.11 IN) 

• INVAR .25 CM 

;.10 IN) 


Fig. 5.14 Vacuum Jacket Dimensions 


5-27 




V-BAND g/WP 



Fig. 5.15 Vacuum Jacket Invar/Aluminum Joint 



DIMENSIONS IN CM (IN) 
2 3 4 

1 , J I 


( 1 ) 


5 

■V 

( 2 ) 



a) STRESS MODEL 73.0 (28.74) 



UJ 

>■ 


X 


b) BOND FORCE MODa (COARSE SPACING) 

73.0(28. 74) 



Fig 5.16 Vacuum Jacket Invar/Al uminum Joint, STAGS Models, Thick Joint 
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code. The STAGS stress model configuf dtlon is shown In Fig. 5.16a. Fig. 10.4 
gives the thermal contractior; values. 

The problem of forces, particularly peeling or normal forces in the bond layer, 
is a particularly difficult problem, since the strength of the bond in peel is 
not a well-defined quantity. The approach here is to minimize the peel forces 
at the edge of the joint as much as possible. The analysis of this problem is 
most accurately made with a three-dimensional finite element code, but this is 
time-consuming and expensive. The peel force analysis used here employs a novel 
approach, again with the aid of STAGS. The invar section is modeled as a 
continuous layer, as shown in Fig. 5.16b. The thickness is the combined 
thickness of the face plates of the stress model. The centerline of the Invar 
section is tied to the centerline of the aluminum section withhin the bond area. 
In this model, the overall stiffness of the joint is somewhat underestimated, 
while the stiffness of the individual Invar overlaps is overestimated. The 
normal forces between the two shells are computed as equilibrium forces in the 
STAGS code. Due to the design of the model, these forces are probably 
over-estimated somewhat, but this is not of much concern, since we only want to 
study their distribution in different geometry models. (A more exact analysis 
could be had if the two shell segments were defined as eccentric to each 
other. ) 

Two different versions of the j''int were analyzed, one with the Invar 
thicknesses varying as shown in Fig. 5.17 (thick joint) and one with the Invar 
thickness varying as shown in Fig. 5.18 (thin joint). From the results shown in 
Figs. 5.17 and 5.18, the maximum stresses for the two cases are: 


5-29 











TMck Joint 



Thin Joint 

Niter 1a1 

rV 

(BI) 

R/n2 

(BI) 

Invar 

Applied 

Yield (Annealed) 
Ratio (Yield/Appl.) 

3.7 X 10« 
2.3 X Vfi 

0. 

^0 

.74 

5.1 X 108 
2.8 X 108 

C. 

74 

40 

.54 

6061-T6 AluMinvs 

Applied 

Yield 

Ratio (Yield/Appl.) 

2.9 X 108 
2.5 X 108 

0. 



42 

36 

.86 

L 

2.6 X lOS 
2.5 X 108 

0 

38 

36 

.95 




As C4fi be seen, neither joint Is acceptable; In both cases, the yield strength 
is exceeded in both aaterials. 

TitaniiM has thenul expansion properties part way between Invar and aluainiM as 
shown in Fig. 10.4 plus a Much higher yield strength than either Material, as 
shown in Table 10.1. Consequently, a new joint configuration, shown in Fig. 
5.19, was analyzed that consists of a short titanium flange section and a bonded 
titanium to almnnum joint. 





Fig. 5.19 Vacuuii’' Jacket, Titanium/ Aluminum Joint 
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Tke skort titnilia section aoves tlie Joint may from tha stressed Inver/ 
titanlun seel eree. In tlie seel eree, the nexlMi tfeptreture Induced stresses 
In the eetlng InverAltenlue flenges ere on the order of: 

h/h2 (KSl) 

Titenlia 1.4 x lOB (20) 

Inver < 1 x IQB (< 14) 

uell within their elastic Units. 

At the bonded titanlun/ Inver joint, the naxinun stresses are (ratloed fron the 
1nvar/a1un1n*jn data based on the lower differential expansion values): 



Thick Joint 

Thin Joint 

Material 

h/m2 

(KSI) 

H/ni2 

(ICSI) 

6A1 4V Titanium 





Applied 

1.8 X lO® 

26 

2.5 X 10® 

36 

Yield 

8.2 X 10® 

128 

8.2 X 10® 

120 

Ratio (Yield/Appi . ) 

4. 

.9 

3. 

.6 

6061-T6 Aluminum 





Applied 

1.4 X loB 

20 

1.2 X 10® 

18 

Yield 

2.5 X 10® 

36 

2.5 X 10® 

36 

Ratio (Yield/Appl. ) 

1, 

8 



2. 

1 

0 




Ratioing the values Is not quite accurate since titanium's modulus is 20% lower 
than Invar's, but the conclusion reached about the Joint acceptability Is valid 
because of the large margin of applied to yield stresses. Again, tne stresses 
are within the elastic limits for both the titanium and the aluminum. 
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The bond force aodel »ho«n previously In Fig. S.lSb yielded the results shown In 
Fig. S.2Q for the Invar/alunlnun joint. These analyses were cowpleted before 
the tltanluw/aiualnuR bond joint was selected and represents a wore severe case 
than the selected design. Since the forces In the Invar/aluwlnuw thin joint 
design appear to be reasonable, the analyses were not repeated for the titanlun/ 
aluwinun bond joint since the differential tewperature-lnduced stress Is less. 

Three Models were analyzed: two "thick" ones (one with coarse and one with fine 
nesh), and one "thin". Fig. S.20a and b gives the force distribution In the 
"thick" models. The forces represented In the figure are the normal forces 
applied to the node points. We see that the total force In the two cases Is the 
same and the distribution similar: uniform In the Interior (note that the force 
per unit area Is the same) and spikes at the discontinuities In thickness. Of 
Interest Is the solke at the end of the joint, 36 N (8.06 Ibf) and 34 N (7.63 
Ibf). This spike Is the peeling force that tries to open the end of the joint. 
Note that this spike Is practically Identical In the two models. This Indicates 
that the spacing Is too coarse, even In the fine model, to define the force 
variation In the edge zone; all we can say there Is a rapid Increase of 
peeling force at the end of the joint. 

The analysis of the "thin" joint (Fig. 5.20c) yields a much smaller spike; the 
total force on the edge node Is less than three times the force on interior 
nodes, compared to almost nine times in the "thick" model. Since peel strengths 
of typical epo^y adhesives are on the order of 35 N/cm (20 Ib/ln), only the thin 
joint appears to be a safe design. 


SHQUII BEUM ARC FORCES OCVaOPCD BEIUEEN FINITE ELEMENTS 
REPRESENTING DIE INVAR AND ALUNINUN PARTS OF DIE JOINT. 


•) THICK INVM PARTS, COARSE NOOa 
b) DIICK INVAR PARTS. FINE NOOa 
C) THIN INVAR PARTS. FINE NOOa 



FINITE aEHEMT FORCES (ONE SIDE),N(LB| 


Fig. 5.20 Vacuum Jacket. Invar/Aluminum Joint Bond Forces, 
Thick and Thin Joints 
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Peel Force at Joint End 


N/cm 

(1bf/ln) 

Thick Joint 

28.0 

(15.2) 

Thin Joint 

5.7 

( 3.2) 


The ideal situation would be if the edge node force is one half of the interior 
node force, then the peeling forces would be uniform in the entire joint. With 
a more gradual change in thickness than the two-step configurations used here, 
it should be possible to come close to this ideal. Consequently, a thin joint 
design with a smooth taper was selected for the titanium/aluminum joint. 

5.1.7 Tank Analyses 

The helium tank configuration is shown later in Fig. 5.23. The tank is designed 
by a variety of loading conditions: 

External pressure, -1 x 10^ N/m^ (-15 psi ) operating 
Internal pressure, 4.1 x 10^ N/m^ (60 psi) operating 
Accelerations, 10 "g" axial, radial 

Of the two pressure loadings, the external pressure is the worst condition. An 
initial design was selected by comparison with the vacuum shell discussed in 
Section 5.1.6. This design was analyzed in the same fashion as the vacuum 
shell. The results are shown on the next page. 



RING-STIFFENED CYLINDER 


Weight 
kg (lb) 

Cyl i nder 
Thickness 
cm (in) 

Ring 
Spacing 
cm (in) 

Ring 

Thickness 
cm (in) 

Ring 
Height 
cm (in) 

Buckling 
Pressure 
N/m2 (psi) 

12.4 (27.3) 

0.14 (0.055) 

7.6 (3.0) 

0.38 (0.15) 

0.79 (0.31) 

2.2x105 (32) (n-6)* 

13.3 (29.3) 

0.16 (0.0V3) 

10.2 (4.0) 

0.38 (0.15) 

0.81 (0.32) 

2.2x105 (32) (n=6) 

14.1 (31.1) 

0.18 (0.070) 

12.7 (5.0) 

0.38 (0.15) 

0.b6 (0.34) 

2.2x105 (32) (n-6) 

14.9 (32.9) 

0.19 (0.076) 

15.2 (6.0) 

0.38 (0.15) 

0.89 (0.35) 

2.2x105 (32) (n-6) 


* Selected design 


The end dome thickness is 0.28 cm (0.110 in). 


5.2 DEWAR LAYOUT 

Using the results of the analyses obtained in Section 5.1 plus the plumbing 
schematic in Fig. 5.21, the dewar preliminary design was developed on CADAM. Fig. 
5.22 provides the overall dewar layout, while Figs. 5.23 through 5.26 provide 
details of the design. Dewar characteristics are summarized in Table 5.4. 

A description of key features of the design and assembly sequences are discussed 
first followed by a typical operational sequence. Refer back to these figures and 
table while reading the following material. 
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Fig. 5.23 Wire Feed Through, Vacuum Shell Joint and Separation Mechanism 












Table S.4 DENAR DESIGN CHARACTERISTICS 


1. SUPERFLUID KLIUN TANK 



Temperature : 

1.73K (3.11R) 


Operating Pressure: 

9.4 Torr (0.18 psi) 


Material : 

6061-T6 Aluminum 


Volume: 

1.0 m3 (35.3 ft3) 


Ullage: 

4X 


Dome Thickness: 

0.28 cm (O.llC in) 


Cylinder Thickness: 

0.14 cm (0.055 in) 


Ring Thickness x 
Height x Spacing: 

0.38 X 0.79 X 7.6 cm 
(0.15 X 0.31 X 3.0 

in) 

Ground Hold \aat Rate: 

3.2 nM (0.01 Btu/hr) 


Temperature Rise Rate 
(Ground Hold): 

0.0009 K/day (0.0016 

R/da/ ) 

Orbit Lifetime: 

> 3 years 



2. NORMAL HELIUM TORUS TANK 
Temperature: 

4.2K (7.6R) 

Operating Pressure: 

760 Torr (14.7 psi) 

Material : 

6061-T6 Aluminum 

Vol ume : 

0.026 m3 (0.92 ft3) 

Ullage: 

4X 

Thickness: 

0.15 cm (0.061 in) 

Ground Hold Lifetime: 

11.1 days 
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Table 5.4 (continued) 


3. VAPOR-COOLED SHIELDS (5 ea) 
Face Sheet: 

Honeycomb : 

Shield Locations: 

6063 A1um1nuffl» 0.013 cm (0.005 In) 

5052/F40 - 0.0013 Aluminum, 

33.7 kg/m3 ( 2.1 lb/ft3) 

(X/XtoTAL) 0.12.0.25,0.40,0.57,0.78 

4. INSULATION 


Radiation Shields: 

Double Aluminized 1^1 ar 

Spacer: 

Silk Net (2 ea) 

Thickness: 

18.4 cm (7.25 in) 

Layers/cm: 

14 

Bulk Density: 

30.8 kg/m3 (1.92 lb/ft3) 


5. PODS SUPPORTS (12 EA) 


Rod End to Rod End Length: 

44.7 cm (17.6 in) 

Fiberglass Tube Length: 

31.0 cm (12.2 in) 

Fiberglass Wall Thickness: 

0.107 cm (0.042 in) 

Fiberglass Tube ID: 

2.5 cm (1.0 in) 

Area of on< S-61ass Strand: 

5.1 X 103 cm2 ( 7.95 x lO'^ in2) 

Length of S-Glass Strand: 

4.6 cm (1.82 in) 

Weight Supported Before 
Support's Short: 

600 kg (1322 1b) 
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Table 5.4 (continued) 


6. VACUUM SHELL (4 SECTIONS) 

Aft Do«ne/Cyl1nder 

• Material: 

• Dome Thickness: 

• Cylinder Thickness: 

• Ring Thickness x Height 

X Spacing: 

Center Cylinder 

• Material : 

• Thickness: 

Forward Cylinder 

• Material : 

• Cylinder Thickness: 

• Ring Thickness x Height 

X Spacing: 

Aoerture Covtr 

• Material : 

• Dome Thickness: 


6A14V Titanium Flange, 

6061-T6 Aluminum Cylinder/Dome 
0.36 cm (0.14 In) 

0.17 cm (0.067 In) 

0.64 X 1.57 X 8.3 cm 
(0.25 X 0.62 X 3.26 In) 


Invar 

0.25 cm (0.10 In) 


6A14V Titanium 
Flange, 6061-T6 Aluminum 
0.17 cm (0.067 in) 

0.64 X 1.57 X 8. 3 cm 
(0.25 X 0.62 X 3.26 In) 


6061-T6 Aluminum 
0.36 cm (0.14 In) 


7. PLUMBING COMPONENTS 


Burst Discs 

HHSScDHH 

Pressure Differential 
N/m2 (psla) 


ITT 




1.3 

10.5) 

1.7 X 10^ (25) 



[4.0) 

2.4 X 10^ (35) 

BD 4 


[2.0) 

2.4 X 105 (35) 

BD 5 

1.3 (0.5) 

1.4 X 10^ 20 

BD 6 

1.3 (0.5) 

1.4 X 10^ (20) 

BD 7 

ibusmcskih 

2.1 X 105 (30) 

Shutoff Valves 


RA VI Tank fill, motor driven (cold) 
RA V2 Torus fill, motor driven (cold) 
RA V3 Tank vent, motor driven (cold) 


V4 Tank vent, manual, vac jacketed 
V5 Tank fill, manual, vac Jacketed 
VV6 Vacuum shell evacuate/rellef 


PV7 

Fill line evacuate 

n orbit, pyro, NC 

Relief Valves 

Pressure Difl 

rerentlal 


N/m^ 

mmufSBrngBrn 

RV 1 



RV 2 

1.4 X 105 

20 


5-46 










Table 5.4 (continued) 


7. PLUMBING COMPONENTS (continued) 




Primary Tank to 1st Shield 
1st Shield 6061 A1 

2nd Shield 6061 A1 

3rd Shield 6061 A1 

4th Shield 6061 A1 

5th Shield 6061 A1 

5th Shield to Vent 321 SS 



* 321 Stainless Steel transition sections between shields 
** 6061 Aluminum tubing length 




8. INSTRUMENTATION 



Sensor Type 

Oty 

Location 

Mass Flow Meter 

1 

Vent line exit 

Differential Chromel- 

5 

Tank-instrument 

Constantan T.C. I 


fill line 

T 

Germanium 

2 

Porous Plug 

e 




m 

Germanium 

3 

Main Tank 

P 




e 

Germanium 

2 

Torus Tank 

r 

a 

Platinum 

10 

Vapor-cooled 

t 



shields and 

u 



supports 

r 

e 1 

Platinum 

5 

Vacuum shell & 

1 



flow meter 

Open Circuit 

12 

Struts 


1 

Vacuum Shell 

1 

Accelerometers 

3 

Instrument 


Range 


Up to 50 g/hr 
(0.1 Ib/hr) 

0-0.5K (0-0. 9R) 
0-200K (0-360R) 

1.5-3K (2.7-5.4R) 

1.5-3K (2.7-5.4R) 

3-6K (5.4-10.8R) 

15-300K (27-540R) 

100-250K (180-450R) 


0 or Infinite 
resistance 


10”^ to 10"® Torr 
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Table 5.4 (continued) 


8. INSTRUMENTATION (continued) 

NUMBER OF WIRE FEED THROUGH LEADS 




Manganln Wires 


Coaxial 
W1 res 

Gage 


#40 

#32 

#24 

Instrument 

400 

200 

40 

10 

Valves 




6 

Instrumentation 

— 

104 

— 

4 




Cross-sectional Area 
(per wire) 


Material 

m2 

(m2) 

Coaxial Wires 




• Sheath 

304 SS 

4.1 X 10-8 

6.3 X 10-5 

• Insulator 

Teflon 

3 X 10-8 

4.7 X 10-5 

• W1 re 

304 SS 

2 X 10-9 

3.1 X 10-5 

Manganln 




• #40 

Manganln 

5 X 10-9 

7.5 X 10-5 

• #32 

Manganln 

3.2 X 10-8 

5 X 10-5 

• #24 

Manganln 

2 X 10-7 

3.2 X 10-4 
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5.2.1 Design Features 


The large superfluid helium tank shown In Fig. 5.22 maintains the Instrument 
at < 2K (< 3.6R) for the required three-year orbit lifetime. The Instrument 
Is thermally connected ard mounted to the tank through an aluminum barrel 
extension and mounting flange. The smaller normal helium torus tank, mounted 
off the first vapor-cooled shield. Is used to minimize the ground hold heat 
rate so the servicing Interval In the Orbiter can be extended to 11.1 days; 
that Is, under a normal launch sequence, no servicing Is required once the 
dewar Is located Inside the cargo bay. The vented normal helium from the 
torus tank (ground hold) or the vented superfluid helium from the primary tank 
(orbit) Is routed around the circumference of five vapor-cooled shields In 
series starting at the Inner shield; the vented gas Is passed through a flow 
meter and then exits through a thrust nulllfler nozzle. Multilayer Insulation 
is interspersed between the shields. 

The vapor-cooled shield consists of a thin aluminum sheet epoxy bonded to 
aluminum honeycomb on one side. The shields are attached to the supports in 
multiple sections using indium coated screws and nuts as shown in Fig. 5.25, 
Details G, H, and J. The corrugation and slots shown around the strut permits 
the axial and circumferential movement required of the vapor* -cooled shields 
during temperature changes to prevent shorting of the struts. Diaphragm 
action of the thin sheet p’us corrugations around the strut allows the 
required radial movement. 
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The tank and Instrument are supported off the vacuum shell with 12 POD*^ 
supports, six each end as shown In Figs. 5.22 and 5.24. The support rod ends 
are attached to fittings Inside channels on both the tank/instrument barrel 
and the vacuum shell In order to position the strut so the cold end of the 
POOS mechanism Is located at the first vapor -cooled shield and the warm end of 
the fiberglass tube Is positioned at the outside layer of the Insulation. A 
perforated plate Is attached across the tank channel to stiffen the tank, 
distribute the point loads and raise the resonant frequency. The Instrument 
flange Is assumed to be stiffened by attachment of the Instrument. Note In 
Tabic 5.4 that the struts will support a fully-loaded tank plus Instrument 
weighing 431 kg (950 1b) In one-g without shorting out. Consequently, "orbli" 
performance can be demonstrated In one-g thermal tests and ground hold heat 
rates Into the primary tank will be very low. 


The tanks and lines are protected against overpressure with burst discs as 
shown In Figs. 5.21 and 5.26. BDl, 2, 5 and 6 protect the lines against 
trapped liquid and the tanks against overpressure. Burst discs BD3, 4 and 7 
are protection of the tanks against a catastrophic accident, I.e., a large 
hole In the vacuum jacket permitting air to solidify onto the tanks. If this 
happens, burst discs BD3 and 4 rupture, dumping helium Into the Instrument 
cavity; BD7 then ruptures (In case the hole In the vacuum jacket Is not large 
enough to handle this vent rate), venting the vacuum shell. This design was 
chosen because the required line sizes were too large (from a thermal 
viewpoint) to vent the tank directly outside of the vacuum shell. 
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All plumbing components and lines will have adequate support bracicetry to 
survive the c(ynam1c lead environment. The plumbing clusters external to the 


vacuum shell are connected through bayonnet fittings as shown In Fig. 5.26, 
Detail H. This feature permits rapid field replacement of faulty components. 
A description of an actual usage sequence Is the easiest way to explain why 
the plumbing Is laid out as shown so this discussion Is deferred to Section 
5.2.3. 

The design of the wire feed through Is shown In Fig. 5.23. The feed through 
consists of a heat-formed cone with five bonded aluminum rings located 
at the five vapor-cooled shields. The wires are wrapped In a spiral on the 
outside of the cone and bonded Into grooves cut Into each aluminum ring to 
effect good heat transfer at the vapor-cooled shield locations. The 
assembly /removal procedure of the feed through Is described In Section 5.2.2. 

The bonded titanlum/alumlnum Joint In the vacuum shell Is shown In Fig. 5.23, 
Detail C. This type of bond joint has been used successfully on all aluminum 
vacuum shells on previous cooler programs, I.e., Teal Ruby. (This cooler has 
been qualified but not yet flown.) 

The aperture cover separation mechanism shown In Fig. 5.23, Detail P, Is 
activated with explosive bolts around the circumference of the V-band clamp. 
The clamp diameter Is expanded by the compression spring/lever arm shown. The 
compressed spring/plunger then pushes the aperture cover away from the dewar. 
Note the Inclined seal surface traps the 0-r1ng and prevents It from 
dislodging over the aperture upon cover separation. 
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5.2.2 Assembly Sequence 


Once the various component parts are fabricated, the dewar Is assembled In the 
following manner. 

The center Invar section of the vacuum shell Is slipped over the 
tank/instrument barrel section with the torus tank and all the Internal 
plumbing Installed and leak checked. "Zero clearance" load pins (two each) 
are Installed In each PODS support and the strut length Is adjusted at the 
warm end for all 12 struts using the mechanism shown In Fig. 5.24, Detail Q. 
The locking nuts are tightened and the six forward struts are removed. The 
flight load pins are then substituted for the "zero clearance" pins on all 
struts. 

The fill line plumbing connection Is made from the primary tank to the vacuum 
shell and leak checked. Insulation Is Installed from the forward strut area 
(struts now removed) around the aft struts and back over the tank. The first 
vapor-cooled shield Is Installed next In two sections, a dome/cylinder 
section, up to the six aft struts and a cylinder section that fits between the 
struts (see Fig. 5.25, Detail G). This cylinder may be split In half for ease 
of Installation. The torus tank Is attached to the first vapor-cooled shield. 
The next Insulation layers plus second vapor-cooled shield sections are 
Installed In the same manner, brazing and leak checking the vent line 
connections as the assembly proceeds until all vapor-cooled shields and 
Insulation are installed up to the forward strut area. 
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The six forward struts are installed next and bolted to the vacuum shell. 
Instrument channel and the vapor-cooled shields. Insulation Is then laid on 
the Instrument barrel, butting up to the blanket alrea<ly Installed. Ticks of 
aluminized ^lar tape are used periodically to prevent the tapered joint from 
opening. The first cylindrical vapor-cooled shield (again split In two halves 
for ease of assembly) that covers the Instrument section Is slipped on and 
bolted to Itself and to the mating shield already installed. The remaining 
vapor-cooled shields and insulation In the Instrument section are Installed In 
a similar manner. The aft (cylinder/dome) and forward (cylinder) vacuum shell 
are then slipped on and clamped to the Invar shell. The external plumbing 
modules, assembled and leak checked separately, can now be Installed using the 
bayonnet connection shown In Fig. 5.26, Detail M. 

The removable wire feed throughs (Fig. 5.23) are Installed after the 
experiment Is Installed and bolted to the Interface flange. The Installation 
method Is to reach In tne hole through the Insulation and vapor-cooled shields 
and make the electrical connection, then slip the cone-shaped connector Into 
the hole. Discs of Insulation are laid Inside the cone and an aluminum disc 
Is placed Inside the cone. The disc and cone are attached to the first 
vapor-cooled shield with Indium-coated screws (Fig. 5.23, Detail R). This 
process Is repeated until all five aluminum discs are attached to the five 
vapor-cooled shields with Insulation discs In between the aluminum. The cone 
Is made of clear ^lar to aid In the assembly. The flange cover seal Is then 
made. 

The aperture cover Is Installed and leak checked to complete the assembly. 
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5.2.3 Operational Sequence 


A typical operational sequence Is described to provide additional Insight Into 
the design. Refer to Fig. 5.21. The vacuum shell Is evacuated at a 
controlled rate (to prevent Insulation damage) through valve W6 and baked out 
at ~ 350K (630R) for four to six weeks to outgas the dewar. 

Both the primary tank and torus tank are evacuated and back filled with helium 
gas several times. Both tanks are then cooled down to near helium temperature 
at a controlled rate and the primary tank Is nearly filled with superfluid 
helium through valve RAVI. Valves RAV3 and V4 are open for this operation. 
The vacuum-jacketed transfer lines will probably have to have a LN 2 -cooled 
shield plus multilayers to allow transfer of superfluid helium. The end of 
the vented line Is connected to a vacuum pump to maintain a low pressure In 
the tank for the fill operation. Tank pressure can be controlled by changing 
valve setting V4. Pressure Is Inferred from tank temperature. Top off of the 
tank Is performed as many times as required until the tank Is full (4% ullage) 
as determined by continuous weighing of the dewar. 

Valves RAVI, RAV3 and V4 are closed and the pump shut off. Valve RAV2 Is 
opened and normal liquid helium Is Introduced Into the torus tank through 
valve V5 until flow stops. Valve V4 Is then opened and flow continued until 
the torus tank Is full. The vent line Inlet Is positioned so a 4% ullage 
always remains In the tank. Flow is continued until temperature sensors on 
the second vapor -cooled shield show liquid helium Is exltlnc ** torus tank. 


Valve RAV2 Is closed and the line bac< to V5 Is evacuated. Valve V5 Is then 
closed. Helium continues to vent out of the torus tank through valve V4 for 
the pr^launch hold and launch. Once In orbit outside the cargo bay, pyro 
valve PV7 Is opened to vent the fill line to space In case valve RAVI has a 
slow leak. The aperture cover Is then ejected. When the flowmeter shows the 
torus tank Is empty, valve RAV3 Is opened and the primary tank Is vented 
through tr.e vapor^cooled shields to space for the remainder of the mission. 
The flowmeter provides data for an extrapolation of the mlsslor lifetime. 

The operation of the POOS supports Is of Interest during the launch and orbit 
phase. Under launch loads, the S-glass strands shown In Fig. 5.24 stretch 
elastically until the Invar stem seats against the two load pins (tension) or 
the stem conical section seats against the Invar body (compression). Once 
orbit Is achieved, the stem recenters itself Inside the body, passively 
disc necting the stem from the body. Heat Is then transferred by radiation 
between the gold-coated stem and body and by conduction along the S-glass 
strands. Electrical resistance measurements indicate whether this passive 
disconnect did occur on all 12 struts. 

5.3 DEWAR PERFORMANCE 


The dewar ground hold interval where no servicing is required is 11.1 days 
with the current size torus tank; the heat rate into the non-vented super- 
fluid helium tank for the same period is 3.2 mW (0.009 Btu/hr). 13% of the 
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200K (360R) orbit case. The temperature rises only O.OIK (0.02R) during this 
11.1 day period. The reason for the extremely low ground hold heat rate Is as 
follows. The 4.2K (7.6R) torus tank Is shorted to the first vapor -cooled 
shield; consequently, the heat rate Intc ne tank Is lower than In orbit where 
the first shield floats and Is nearer 15K (27R). Also, the POOS supports do 
not short In one g, minimizing the support heat leak. The heat map for the 
ground hold case Is shown In Fig. 5.27 for a warm boundary temperature of 300K 
(540R). 

The dewar orbital lifetime is plotted as a function of the vacuum shell 
temperature In Fig. 5.28. The vapor-cooled shield temperatures are shown In 
Fig. 5.29. These calculations assume a 40% degradation factor over flat plate 
data for the Installed multilayer Insulation (see Fig. 10.1). No attempt was 
made to calculate the Insulation degradation in the region of supports, 
wiring, plumbing or Joints. A much more detailed thermal model would be 
required to make these calculations of radiation tunneling and Insulation 
shorting that occurs in actual installations. The conductivity used assumes 
the Insulation Is Installed one layer at a time. 

The orbital heat map for T^ « 200K (360R) case is shown in Fig. 5,?3. Note a 
substantial amount of energy is being radiated to space off the flanged ends 
of vapor -cooled shields 4 and 5. In an actual flight system, this radiated 
flux will be lower because of the radiation coupling between these flanges and 
a Sun shade, i.e., with a configuration such as shown In Fig. 5.31. (No orbit 
or pointing requirements were defined for this study so this type of systems 
analysis was not performed.) Note in the Fig. 5.30 heat map, the Mylar cone 
plus the wires are treated separately for the wire feed throuqhs. The 
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Fig. 5.27 Ground Hold Heat Map for Th = 300K (540R) 
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Fig. 5.30 Orbital Heat Map for Th = 200K (360R) 










Fig. 5.3i Typical Dewar/Spacecraft Configuration 
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Fig. 5.32 Orbital Performance Sensitivities 
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number of wires were Increased to account for the motor -operated valves and 
Instrumentation as well as the Instrument as shown previously In Table 5.4. 

Fig. 5.32 (on the previous page) provides dewar orbital lifetime sensitivity 
to changes In the vacuum shell temperature, multilayer Insulation 
conduct-tivlty. Instrument heat load and PODS conductance. The lifetime Is 
the most sensitive to vacuum shell temperature changes and least sensitive to 
changes In the PODS conductance. 

5.4 DEWAR WEIGHT SUMMARY 


A preliminary weight statement of the dewar design described In Section 5.2 Is 
provided In Table 5.5. The dry weight Includes a 10% margin. The center of 
gravity (CG) of thk? mass supported by the 12 PODS supports falls midway 
between the supports. This mass Includes both tanks plus helium. Inner 
instrument barrel, vapor-cooled shields, Insulation, PODS supports, cold 
plumbing and tne Instrument. The CG of the Instrument Is 0,55 m (21,6 In) 
forward of this CG point. 


Table 5.5 PRELIMINARY DEWAR WEIGHT STATEMENT 



kg 

lb 

Primary Tank (1,0 m^) 

38.7 

85.3 

Inner Instrument Barrel 

27.3 

60.1 

Torus Tank (0,026 m3) 

5.0 

11.0 

Vapor-Cooled Shields 

57.9 

127.6 

#1 

9.8 

21.6 

#2 

10.7 

23.5 

#3 

11.4 

25.2 

#4 

12.5 

77.5 

#5 

13.5 

29.8 

Insulation 

77.1 

170.0 

POOS Supports (12 ea) 

5.8 

12.8 

Vacuum Shell 

241.0 

531.3 

Aft Cyl/Dome 

61.4 

135.4 

Invar Cyl 

72.6 

160.0 

Forward Cyl 

107.0 

235.9 

Plumbing and Wiring 

29.2 

64.3 

Burst Discs 

3.1 

6.8 

BDl 

0.2 

0.5 

BD2 

0.2 

0.5 

BD3 

0.7 

1.6 

BD4 

0.3 

0.7 

BD5 

0.4 

1.0 

BD6 

0.4 

1.0 

BD7 

0.7 

1.5 

Shutoff Valves 

4.5 

10.0 

VI 

0.9 

2.0 

V2 

0.9 

2.0 

V3 

0.9 

2.0 

V4 

0.5 

1.0 

V5 

0.5 

1.0 

V6 

0.7 

1.5 

V7 

0.2 

0.5 
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Table 5.5 (continued) 


Relief Valves 

RVl 

RV2 

Mass Flowmeter 
Vac Ion Pump (8 1/s) 

Thrust Nulllfiers 


Plumbing Lines and 
Bayonnets 

Wire Feed Throughs 
(2 ea) including 
flanges 

Instrument 

10% Margin 


Dry Weight Minus 
Aperture Cover 

Aperture Cover (with 
Ejection Mech, 
Shields, Insul.) 


Dry Weight with 
Aperture Cover 

Superfluid Helium 
Normal Helium 


LAUNCH WEIGHT 


kg 

lb 

0.45 

1.0 

0.2 

0.5 

0.2 

0.5 

1.3 

4.0 

4.5 

10.0 

0.7 

1.5 

0.2 

0.5 

0.2 

0.5 

0.2 

0.5 

6.8 

15.0 

7.3 

16.0 

200.0 

440.9 

68.0 

150.0 

750.0 

1653.0 

99.0 

218.0 

849.0 

1871.0 

137.0 

302.0 

3.2 

7.2 

989 

2180 
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Section 6 


TECHNOLOGY DEVELOPMENT PLAN 

Prior to designing, building end qualifying a three*year superfluid helium 
flight dewar, It Is necessary to perform a series of development tasks to 
reduce the technical and cost risks to an acceptable level. These tasks 
consist of a series of component and subsystem developments culminating In a 
series of full-scale helium dewar tests as shown In Fig. 6.1. These tasks 
were selected based on their criticality to system performance (Table 6.1) and 
their current level of development. In the following sections, the major 
objectives plus the recommended approach Is provided for each of these tasks. 
A schedule plus ROM costs concludes the development plan. 


6.1 TASK DEFINITIONS 


6.1.1 System Requirements Definition and Design Update (Task 1) 

6. 1.1.1 Objective . The objective of the task Is to Increase the level of 
design detail to the point component and subsystem development Items can be 
fabricated. 

6. 1.1.2 Approach . More detailed system requirements provided by the customer 
(Including experiment definition and operational mode) will be Incorporated 
Into the dewar design. The level of structural and thermal analysis and 
design detail will be Increased to permit component and subsystem test Items 
to be fabricated In each of the tasks. 
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Table 6.1 


PRIORITY RANKING OF COMPONENT AND SUBSYSTEM DEVELOPMENT TASKS 


CT> 

I 

U> 


Tau 

ito. 

Priority 

•anklNf 

Task 

lantlnp Critorla 

1 

10 

11 

!• 

1 

1 

KOS tatts 

900$ Mipport lyttao buildup 
900$ support syttOB tosts 

nr- porforoaneo Is tbo key to oaotlnf tbo daoar 3-yoar 

9 w»oro as dnlgnod and suto-of^^rt 
***9Ports aro usod, tlio dntar llfotlao Is cut by approaloatoly tao tntros. 

1 

1 

aL/L Tosts 

**T '**»“*'^ •^*<9" **» support systao. Data art currontty avallablo 

**"'“*■ ***** •*’' eooparablo data an actual 

oatorlals in tno sano tost satup. 

« 

1 

Vapor ^oolod sblolo tosts 

^ currant doslpn Is basod on lOOt boat oschantor officlancy. Tboso tosts will 
mortiM in> closoly tbo daslpn approacbos tbis valuo. 0olay1n« tbo tosts until 
*"*.*"" asso^lod tay nocossitato oaponsivt rodosipn If tbo iwat 
oaebanpor porfanNneo Is inadatuato. 

7 

1 

Vacmai sholl tosts 

*.**j**‘.P*^!**» Mjtorleally, on nifbt dMwrs. Tboso 1/5 scalo 
tosts rtll daoonstrato tbo Invar/* lualmai transition Joint plus tin flanoa soal 
rwaln look tlfbt ovor tbo raquirod oporatint toaparaturo ranoo, prior to 
Incorporating tbM Into tbo ful1>scalo vacw sboll daslpn. 

9 

1 

ibtitilayor Insulation 
conductivity 

I^UIlayor Insulation consitutos 30| of tbo parasitic boat load to tbo dMor. To 
no o^orlnantal data aro aval labia In tbo Iomt tonporaturo ration. 1,o.. 7B 

1 r** *» *•»•* •" *•«* »wr a broador tonporaturo 

• 9*^-o.. 27b to 2QK. In addition, l^rovod ailtllayor porfomanco nay bo 

oMainod by chantint tbo spacor/sblold conblnatlons to plnlnlio tbo daninant 
^**ct1on taro at tboso ion tanporaturos. 

S 

2 

Miro food-throupb 
davolopoont 

mi* ,*•*’«" P«»‘b«s oasy ronoval/lnstallatlon plus olrlnt ebanpes Md 

.*^11*'*?* ****^ «»*>l»9 *9 tbo ulros. tanonstratlon of tbo dasltnprlor to 
J* ""* ** *^9t1eal, tbarnally. as 900$, vapor shlolds or ailtllayor 
insulation tostlnp. baavor, tinea ebanpot can bo aodo at tbo syston tost lavol. 

6 

1 

Lou.tanporaturo valvo 
loab tosts 

^ ovacuaM fill lino boat loM will sneroaso In orbit If It fills nltb loablnp 
..^** vroblon ^ bo ollninatad by aponinp tbo oatomal fill lino valvo In 
orbit. HMvor. tbo loab rata of tbo cold valvo aist bo Ion onoupb to provont 
oacossivo lost of bollia ovor tbroa yoars. 

• 

I 

9ull-scalo aporturo covor 
soparatlon tosts 

"'’*<«•' *» oporatlon of tbo osporinont. Itouovor. 
iilJ! ""*”*?**•■ *“**"* "Itbout too larpo a tocbnical rtsb 
tinea a nipht^puallflod tystan ulll bavo boon tostod an tbo IRAS proprM. 


• I klfhMt priority 



6.1.? Full-Scale POOS Development (Tasks 2. 10. 11) 


6. 1.2.1 Objectives . The objectives of these tasks are sixfold. 

• Demonstrate the support system can be manufactured within 
tolerances and Installed with vapor-cooled shields and a 
wire feed through without the load pins shorting. 

• Measure the load It takes to short the load pins on Indi- 
vidual struts and as Installed. 

• Demonstrate the load pins will not short with Tr > 4K 
(7.2R) and Th varied over 300 to lOOK (540 to 180R). 

• Measure the thermal performance of the strut over Its 
operational temperature range. 

• Demonstrate the structural load capability of the struts 
Individually and Installed (12 each) both statically and 
dynamically. 

• Measure the modal vibration frequencies of the support 
system both for the launch and orbit conditions (full to 
empty tank). 

6. 1.2. 2 Approach . Initially, one PODS support will be manufactured. The 
change In length of the strut with temperature will be measured in Task 3. 
The strut will be loaded In tension and compression to determine the load 
required to thermally “short" the load pins. The loads will then be increased 
to design loads. The strut will be thermally cycled between 300 and 4K (540 
to 7.2R) and the design load tests repeated. The strut will then be tested to 
destruction in compression. 

The heat rate for a second POOS support will be measured between T^ > 300K 

(540R) to Tq > 4K (7.2R) with the load pins shorted to simulate the launch 

condition. The simulated orbit heat rate will be measured with the stem at Tq 

» 2K (3.6R) and Tj (Invar body) varied from 10 to 40K (18 to 72R). 
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Mg. 6.2 Support System Test Setup 

Using the thermal expansion/contraction data from Task 3, a test setup will be 
designed and fabricated to test the Installed struts as shown In Fig. 6.2 
above. The setup consists of the Invar vacuum ring, mating titanium flanges, 
12 PODS supports, five vapor -cooled shields, one wire feed through, plus an 
aluminum Inner structure that simulates the tank and Instrument attach points. 
The Installatlon/removal procedure of the supports, vapor-cooled shields and 
wire feed through will be demonstrated Including ohmmeter measurements to 
demonstrate the load pins don't short. Loads In first the axial and then the 
lateral direction will be applied to the support system until the load pins 
"short out". The axial load will then be Increased to the design load tor a 
series of cyclic load tests. 

The test setup will be moved Into a LN 2 shrouded vacuum chamber. Helium heat 
exchange colls will have been welded to the aluminum structure previously and 
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the vacuum chamber pumped down. The aluminum structure (tank/1 nstrunient 
attach points) will be taken down to 4K (7R) with liquid helium; the PODS 
supports will be monitored for shorting during this temperature transient. 
Next the Invar shell temperature will be dropped by flowing LN 2 through the 
chamber shroud. The temperature of the Invar ring will be controlled with 
heaters. The temperature of the ring will be varied over 300 to lOOK (540 to 
180R); temperature gradients around the ring circumference will also be 
varied. Again the POOS supports will be monitored for shorting. 

The test article will be removed from the vacuum chamber and supported on a 
shaker head off the Invar ring. Accelerometers will be mounted or the test 
article as required. A low-level modal resonance survey will be performed In 
three axes with the load pins shorted by adding weights to simulate the dewar 
launch (condition) and removing the weights so the load pins are not shorted 
(simulated orbit condition). The measured orbit resonances can be corrected 
to the design mass, depending on the weights used In the test. 

The weights will again be added to simulate the dewar launch weight and a 
random vibration test performed In three axes. 

6.1.3 aL/L Tests (Task 3) 

6. 1.3.1 Objective . To properly design the support system, accurate thermal 
expansion/contraction data are needed for the POOS supports. Invar vacuum ring 
material, and titanium and aluminum (used in the helium tank, vacuum shell and 
the aluminum/honeycomb vapor-cooled shield) over the temperaiure range ?.00 to 
4k (540 to 7R). 
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6. 1.3.2 Approach . The PODS support aL/L measurements will be performed 
separately on the PODS cold end assembly, fiberglass tube and warm end 
assembly. This approach Is necessary In order to fit the specimens Into an 
existing test apparatus. Specimens of Invar, titanium, aluminum and the 
aluminum honeycomb will also be measured. The contraction will be measured 
going from high to low temperature followed by expansion going from low to 
high temperature. The data will be used to calculate the optimum support 
spacing of the opposing six strut assemblies. 6.1.4 Vapor*Cooled Shield '^ests 
(Task 4) 


6. 1.4.1 Objectives . The objectives are threefold: First, demonstrate the 
manufacturing techniques for the honeycomb panels and tube heat exchangers; 
Second, determine the load-bearing capability of the honeycomb panel; and 
third, measure the thermal efficiency of the heat exchangers with and without 
joints over their operating temperature and pressure range. 

6. 1.4.2 Approach . Representative honeycomb panels will be fabricated and 
load deflection tests performed to demonstrate their structural capability. 
Next a thermal efficiency test will be performed using the test setup shown in 
Fig. 6.3. Scale test samples of the heat exchanger will be fabricated using 
different size vent tubing and a simulated joint. Heat flux will be varied by 
changing boundary temperature T 2 . The Inlet pressure and temperature of 
helium flowing through the heat exchanger will be varied around the predicted 
values and the outlet pressure controlled. The enthalpy change In the gas and 
the temperature gradients along the shield and the joint will be measured. 
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SIMULATE mn PRESSURE AND TEMPERATURE 
KASURE TEMPERA7JIRE GRADIENTS. PRESSURE. NASS FLOW RATE 
T^ • VAPOR COOLED SHIELD TEMPERATURE 
Tj IS VARIED TO CHANGE HEAT FLUX 


Fig. 6,3 Vapor-Cooled Shield Thermal Efficiency Test 
6.1.5 Wire Feed Through Development (Task 5) 

6. 1.5.1 Objective . The objective of this task Is to demonstrate the 
manufacture and assembly of the wire feed through. 

6.1. 5. 2 Approach . The fabrication plus the heat forming assembly techniques 

will be developed for the ^lar cone and aluminum rings. (In Task 11, the 

Installatlon/removal of the feed through In the dewar Is demonstrated; the 
thermal performance of the feed through Is monitored In Task 14.) 
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<. 1.6 


«t«re Vilve Le«k Tests (Task 6) 


6. 1.6.1 Objective. Neasvre t!ie valve leak rate as a function of tke marfier 
of openinfs/clesinys with < 2K (S.6R*f sa p e r f lwld hellai on one side and high 
vacwai on the ether. 


6.1.6.2 Jipproacii . A notor-operated soperfivv* ll^id heliM valve is 
cw rr en tlj wider develapnent. These tests in a aa^ .jw c^wher will he required 
rm\y if the progrin dees aot adequately test th<s valve wuier the desired 
operating oond1tioc> or if the weasured ^eekaqe rates are too high. In that 
rase, additional salve developnest any he required. 

6.1.7 ft»-Fifth Scale Vaenm Shell Tests (Task 7) 

6.1.7.1 Object ives. Oennustrata the votw sheil fiange seal plus the 
titaniun/aluEinon transition joints will nut leak after r epea ted teuperature 
ene pressure cycling. 


6.1.7.2 Approach. A e«e>fifth scale awdel of the nacuuu jacket flange seal 
pl«s titanion/aluun-ntui hood jniwt vn!l he fahricated and installed in a v a co un 
systen as sheur vn fig. 6.A. The scale nndel will he evacuated with a hel'un 
nass speclrnuetcr; the nacuun hell will he evacuated separately and hack 
filled witti heliun to D.S atnnsoheres. Leak checking will he perfomed 
cortTnueusiy during these sequences. Tie heliuu pressure will he decreased to 
here to see vf a decreased line loao on the seal will initiate a leak. The 
he'^iwi pressure will he Tucreased hack tu A.9 a tn u s afeeres and the shroud 
enclosure cuoled dour gradually frun Jtfi to HR {6d£ ta IdOt). Once the test 



Fig. 6.4 One-FIftli Scale IMel Test of the Vacuia Jacket Flange 
Seal and Bond Joint 

setup reaches lOOK (18V), the heliun pressure vill be decreased again to 
aero. This cooldoun, pressure cycling sequence will be perfom e d enough tiaes 
to siuBlate tuice the n m die r of pressureAenperature orcles the vacuun shell 
Mould experience in use. 

6.1.8 Fu11>Sca1e hperture Cover Separation Tests (Task 8) 

6.1. 8.1 Objective. Oeaonstrate the aperture cover seal is vacuun tight (leak 
rate less than a specified aaount) yet will separate reliably froa the vacuw 
shell on caanand. 
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6. 1.8.2 Approach. Prior programs such as IRAS eject the aperture cover In 
orbit once It Is outside the Orlbter cargo bay. Assuming this design works 
reliably. It will be Incorporated Into this program and demonstrated only on 
the qualification model. If for any reason designs from other qualified 
systems are not suitable for this dewar, then the following development tests 
will be conducted. 

A full-scale aperture cover will be designed and built Including a mating 
vacuum shell hat section. The aperture cover seal will be leak checked by 
evcuating the cover and bagging and flooding the exterior seal area with 
helium. The cover is returned to ambient pressure, the bag removed and the 
aperture cover Installed In a vacuum chamber. The cover will be connected to 
a counter-balanced weight using a pulley system to permit separation under 
simulated zero-g conditions In vacuum. The aperture cover separation 
mechanism will be fired, separating the cover. Movies will be taken of the 
tests. This test will be repeated a number of times to demonstrate the 
reliability of the seal and separation mechanism. 

6.1.9 tkiltllayer Insulation Conductivity Tests (Task 9) 

6.1.9. i Objectives . The objectives of this task are twofold: 1) Measure the 
conductivity of the selected multilayer Insulation over the temperature range 
78 to U (140 to 7R); and 2) develop and measure new combinations of radiation 
shields and spacers that are more efficient thermally over this temperature 
ranqe. 
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6. 1.9.2 Approach . These tests are currently planned to be perfomed on the 
Lockheed Independent Research Program. They consist of measuring the 
conductivity of selected multilayer Insulations over the temperature range 78 
to 4K (140 to 7R) and then varying the number of spacers used between 
radiation shields to reduce the dominant conduction term. The tests are to be 
performed In a flat plate test apparatus with and without simulated Joints. 
These data should be available In time for use on this program. If they are 
not, these tests should be conducted on this program. 

6.1.10 Development Model Dewar Analysis and Design (Task 12) 

6.1.10.1 Objective . Perform sufficient analyses and design work to allow a 
full-scale, flight -weight, development dewar system to be fabricated. 

6.1.10.2 Approach . Using the data from Tasks 2 through 11, update af.d expand 
the stress analysis, thermal model analysis and design developed In Task 1 to 
a level of detail needed to fabricate the complete full-scale, f 1 1 ghv -wel ght 
development dewar. 

6.1.11 Development Model Dewar Fabrication and Assembly (Task 13) 

Using the drawings from Task 12, fabricate, assemble and leak check one 
complete, full-scale flight -weight superfluid helium dewar Including the 
aperture cover. Perform extensive leal, checks as the dewar Is assembled. 
Internal Instrumentation such as temperature sensors and accelerometers will 
be Installed as the assembly progresses. The following parts will be 
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available from prior tasks assuming no changes are required based on the tests 
performed. 


Quantity 

12 

1 

5 

1 

2 

1 


Part 

POOS Supports 
Invar Vacuum Shell Ring 
Vapor-Cooled Shields (partial) 
Wire Feed through 
Low-Temperature Valves 
Aperture Cover 


Task No . 
10 
10 
10 

5 

6 
8 


6.1.12 Development Model Dewar Tests (Task 14) 


6.1.12.1 Objective . Demonstrate the dewar will meet all the system 
perform-ance requirements defined In Task 1. 


6.1.12.2 Approach . Following assembly and leak check of the dev/ar, a series 
of tests will be performed to demonstrate the dewar meets all performance 
requirements defined In Task 1. Periodic leak checks will be performed 
throughout the test program. The following series of tests will be performed. 


• Aperture Cover Separation Test . The test described in Task 8 will be 
repeated only this time it will be installed on the complete dewar 
that includes insulation and shields. 

• Modal Vibration Test . The modal vibration tests described in Task 11 
will be repeated in three axes on the evacuated, full-scale dewar. A 
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200 kg mass will be Installed to simulate the Instrument weight and 
the helium tank will be partially filled with water to sln^late the 
helium mass. Accelerometers will be Installed as required. The 
results will be compared with the test data obtained In Task 11. 

• Vacuum Bakeout . The 200 kg mass simulating the experiment will be 
removed prior to the bakeout. The dewar Insulation will be 
evacuated at a controlled rate and baked out at as high a 
tempera-ture as allowed by the materials used In the construction. 
Based on prior programs, this temperature should be In the area of 
350K (630R). The high vacuum pumping system will be connected to 
the dewar and operated during the entire bakeout cycle. Prior 
program experience shows the bakeout time will probably be on the 
order of 4-6 weeks before the rate of pressure decrease will be less 
than 5% per week. 

• Thermal Performance . The dewar will be Installed In a LN 2 shrouded 
vacuum chamber for the following tests as shown in Fig. 6.5. The 
superfluid helium tank plus the ground hold torus tank will be 
evacuated and then purged with GHe several times. A normal helium 
storage dewar located outside the chamber will be converted to 
superfluid helium by pumping on the dewar. A vacuum pump will be 
attached to the development dewar vent line and superfluid fluid 
helium transferred from the storage dewar to the primary tank. The 
helium fill level will be on the order of 20% for the initial tests. 
The primary tank is then locked up and the torus filled with normal 
liquid helium. Ground hold tests will measure the temperature 
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VEUT 

Fig. 6.5 Dewar Thermal Test Setup 

distributions throughout the dewar» the rate of pressure rise In the 
primary tank and the bolloff rate In the torus tank. 

Once the torus tank Is emptied, the primary tank will be vented 
through the vapor-cooled shields and a pump on the vent line to 
maintain the tank temperature constant. The bolloff rates will be 
measured and then the vacuum shell temperature will be dropped In 
Increments to 250, 200, 150 and lOOK (450, 360, 270 and 180R) by 
flowing LN 2 through the chamber shroud and adjusting the heater 
power levels on the dewar shroud. Dewar temperatures plus the 
bolloff rate will be measured at each of these temperature levels. 
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The struts will also be monitored to see If the iitruts' load pins 
short at any of these temperatures. The helium dewar will be emptied 
by reverse flow out of the fill line. The LN 2 flow to the shroud 
will be stopped and the dewar brought back to ambient temperature. 
The vacuum chamber pressure will then be brought back to ambient and 
the dewar removed from the chamber. 

• Acoustic Tests . The dewar. appropriately Instrumented with 

acceler-ometers, will be moved to a precall brated acoustic test cell 
and suspended In an appropriate manner. I.e.. bungee cord. Both the 
primary tank and the torus tank will be filled with liquid helium. 
The superfluid primary tank will be nonvented for this test while the 
normal helium torus tank will be venting through the vapor-cooled 
shields. The acoustic levels will be demonstrated In short 10-second 
bursts before the full duration test Is conducted at the required 
decibel level. The temperatures, pressures and accelera-tlon levels 
will be monitored throughout the test. 

• Repeat Thermal Performance . The dewar will be moved back to the 
vacuum chamber and the tnermal performance tests repeated for ground 
hold and at T^ > 200 and lOOK (360 and 180R) for the simulated orbit 
test. These data will be compared to the pre-acoustic test data to 
see If any degradation has occurred. 
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6.2 PRELIMINARY DEVELOPMENT SCHEDULE 


The Technology Plan Schedule Is provided In Fig. 6.6. As can be seen from the 
schedule, the subsystem and development tasks are complete after two years; the 
fabrication, assembly and test of the full-scale development dewar takes 
another year and one-half for a total development span of three and one-half 
years. This schedule could be compressed to three years without undue 
technical problems. 

6.3 ROM DEVELOPMENT COSTS 

Based on the task definitions in Section 6.1, the Schedule In 6.2 and the 
costing ground rules In Table 6.2, an ROM cost estimate was prepared for the 
program, task by task, as shown In Table 6.3. 

Table 6.2 COSTING GROUND RULES 

• 1981 dollars 

• Program Manager (no cost to program) 

• No Quality Assurance coverage (development program) 

• Fee not Included 

• LHe $2.30 per liter 

• LN 2 $0.27/ft3 (bulk) 

• CADAM $56/hour 

• 1110 computer $500/hr 

• No GSE costed 

• $43/hour labor (except manufacturing) 

• $46/hour manufacturing 

• Use flight -weight hardware 
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Fig. 6.6 Technology Development Plan Schedule 
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Table 6.3 ROM COST BREAKDOWN FOR THE FULL-SCALE. FLI6HT-NEI6HT. 
DEVELOPMENT DEWAR 
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This total program cost of 2.3 million dolla'rs Is for a full-scalt davalopmant 
dewar using f11ght-««a1ght equipment and hardware. 

The costs were also re-examined for a half-scale development dewar. The cost 
reduction amounted to only 8X. with most of those cost savings coming In Tasks 
13 and 14. The reason for this small reduction Is as follows. 

A smaller dewar does not reduce design, analysis, techn'r.al publications or 
management costs. In fact, small-scale models Increase analysis costs slightly 
because of uncertainties and difficulties In scaling the test results. Some 
lower material costs plus lower fabrication costs are possible for a smaller 
dewar. However, these cost -reduct Ions are not large because the fabrication 
and assembly process Is highly labor-intensive and depends more on the number 
of process steps than the part size. Test costs are only slightly affected by 
the decreased cryogen costs. Basically, the same number of fabrication and 
assembly steps are required for a half-scale dewar as a full-scale dewar; 
consequently, the cost savings are not large. 

This type of analysis shows why It Is more cost effective to build a slightly 
larger and heavier single-stage helium dewar than a slightly smaller and 
lighter-weight dual -stage dewar (with a larger number of parts and consequently 
more fabrication and assembly steps.) 

Some of the development tasks shown In Table 6.3 stand along (such as 2, 3, 4, 
S, 6, 7 and 9) and could be accomplished through Individual research programs, 
and accomplished In the order shown In Table 6.1 based on the priority 
rankings. 
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Section 7 


CONCLUSIONS 

The major conclusions reached In this study are as follows. 

1. A three-year lifetime superfluid helium dewar Is feasible at 
one-half the maximum weight specified In the contract, 089 kg 
(2180 lb) vs. 2000 kg (4409 lb). 

2. Demonstration of the POOS support system Is the key technology 
Item required to achieve the predicted performance. 

3. The achievable warm boundary temperature In orbit has a strong 
effect on system performance and selection of cryogens. Below 
~ 150K (270R), a single-stage helium dewar Is the best overall 
choice when both weight and manufacturing complexity are 
consictred. Between ISO and 200K (270 and 360R), the 
single-stage helium dewar Is still the best overall choice 
although dual -stage He/Ne and He/N 2 dewars are ~ 20% lighter. 
Above 200K (360R), the dual -stage concepts should be seriously 
considered because of their Increasingly larger weight 
advant-ages. Warm boundary temperatures predicted for current 
dewar flight programs are 150K (270R)— Teal Ruby (Ne/CH 4 )— and 
17UiC (306R) — IRAS (SF He). These temperatures are achieved 
using thermal control coatings. Insulation, radiators and 
active orientation systems. 
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4 . The SF He cylindrical tank with ellipsoidal ends chosen for 
this study may not be the optimum geometry for other systems 
depending on their specific requirements. For example, a 
toroidal tank surrounding the Instrument cavity shows a lower 
CG shift as the tank Is emptied, decreases the dewar length by 
40% and Improves the PODS thermal performance (since the 
shorter length decreases the tilt loads now designing the 
supports). Altering the tank geometry changes dewar dimensions 
but does not alter the basic development tasks recommended In 
Section 6. 

5. The support resonances were calculated assuming the tank/ 
Instrument and vacuum shell attach points were Infinitely 
rigid. More detailed analyses are required to determine the 
actual stiffening required at these attach points to achieve 
the desired resonances. 

6. More than adequate ground hold times can be obtained using a 

secondary normal helium tank with a minimal weight, penalty. 
The ground hold heat rate Into the nonvented superfljld hell un- 
tank Is extremely low, 3.2 mW (0.009 Btu/hr) or approximately 
13% that of the 200K (360R) orbit case. The reason for the 

extremely low ground hold heat rate Is as follows. The first 
vapor-cooled shield Is shorted to the torus tank at 4.2K 
(7.6R); In orbit, the shield temperature is allowed to float. 
Secondly, the POOS supports do not short In one-g, minimizing 
the support heat leak and finally, the Instrument Is not 
operating. 
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Sensitivity analyses show the dewar lifetime is affected by the 
following parameters listed in order of increasing sensi- 
tivity: PODS conductance, instrument heat load, multilayer 

insulation con ductivity and vacuum shell temperature. 

A development program can be accomplished in three and one- 
half years. 

Development program costs of 2.3 million dollars are reduced 
only 8% going to a half-scale dewar. 
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Section 9 


COMPUTER PROGRAMS 

Eight computer programs were used In this study. A description of each program 
is provided here along with the sections of the report where it was required. 

9.1 CRYOP (Sections 3 and 4) 

CRYOP is a UNIVAC IHO computer program that sizes single-or dual -stage dewars. 
This program was initially developed in 1973 and has been continuously refined 
and improved over the years until it is now a generalized cryogenic dewar 
optimization program. 

The inputs to the program are number of cryogens, wire penetrationb and plumbing 
lines, MLI type, number of vent -cooled shields and the type of vent cooling 
(supports, MLI, wiring, plumbing), required lifetime, boundary temperatures, 
experiment heat loads and an initial geometry. 

The solution provides a breakdown and summary of the heat load to each cryogen, 
the temperatures and locations of the vent-cooled shields, the volumes of the 
tanks, the overall dimensions of the tanks and the dewar, the optimum MLI 
thickness and a weight breakdown and summary of the dewar. 

The program modifications made specifically for this study are: 
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• The PODS are now a support option with a heat leak that is both 
cryogen weight and temperature dependent. 

• Up to six shields for each cryogen are available for vent cooling 
of the supports, insulation, plumbing, and lead wires. 

• The primary helium tank is 1 m (39.7 in) in diameter with 
ellipsoidal ends and a cylindrical section. The secondary tank 
for dual -stage applications is a torus. 

• Weights are included for the MLI, vent-cocled shields and vacuum 
jacket surrounding the 1 m (39.4 in) diameter by 2 m (78.7 in) 
long instrument. Aperture cover weight and length are not 
included. (These values were added in manually for this study.) 

• The thermal conductivity is input as a function of temperature 
for coax wires (stainless steel and Teflon) and the manganin 
wires. The wire length was assumed to be 0.5 m (19.7 in). 


The method of solution is to first calculate the heat load and thereafter the 
tank size for the primary cryogen. The secondary cryogen sizing is done after 
the primary cryogen sizing is completed since the net heat load to the secondary 
consists of the secondary heat load inputs less the primary heat loads due to 
the MLI, to the supports, and to the plumbing penetrations. Also, if vent gas 
cooling is considered, the primary vent gas effects on the secondary are 
included. The amount of cryogen to match the required lifetime for the 
calculated heat load is then calculated. 


9.2 VENTCOOL (Section 3) 

A computer program that is used to optimize the location of vent-cooled shields. 
The cryogen flow rate, boundary temperatures, and polynomial of a material's 
thermal conductivity vs. temperature and the number of vent shields are input. 
A Rosenbrock function minimization technique is used to locate the shields in 
the insulation to give the minimum heat flow. The output is the heat flow, the 
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shield locations, and their temperatures. This program is used as a subroutine 
in CRYOP or can be used separately. 

9.3 PRESS (Section 5) 

A computer program that determines the cryogen temperature and vapor pressure 
for a given flow system. The inputs are flow rate, molecular weight, and 
mathematical curve fits for the vapor pressure and viscosity versus temperature 
of the cryogen, the outlet (minimum) pressure in the system, and the dimensions 
of the tubes and boundary temperatures. Any number of tubes and temperature 

boundaries can be input. An iterative process is used to obtain the vapor 
pressure of the cryogen at a corresponding temperature by calculating the 
pressure change through each tube section assuming an ideal gas with 

Poi seui 1 le-type flow. This program defines the required line sizing for proper 
cryogen temperature control. 

9.4 THERM (Sections 4 and 5) 

Detail design analyses are done with the Lockheed thermal analyzer computer 
program, THERM, on the UNIVAC 1110 computer. The configuration is arbitrarily 
divided into nodes by the designer, and THERM uses a finite difference solution 
for the three-dimensional heat transfer equation at each node. Programs with 
well over 1000 nodes have been run with no difficulty. Steady state occurs when 
the largest temperature difference of any node between consecutive iterations is 
less than a value specified in the program. Subroutines for THERM can be 
performed at many places in the calculation. Two examples are: 1) at each 

iteration, the temperature-dependent oroperties can be recalculated; and 2) heat 
maps can be obtained for different nodes. 


9-3 



9.6 PODS (Sections 4 and 5) 


A thermal model (9 nodes) was setup for the POOS support. The THERM program is 
used to perform the analyses. Program inputs include the boundary temperatures, 
emittance of all surfaces, length and area of S-glass strands, fiberglass tube 
area and effective length, diameter and length of the stem, body, load pin and 
load pin hole, and epoxy areas where the S-glass strands are bonvied. Program 
outputs include temperature distributions along the strut and a heat map between 
nodes. 

9.6 FTS (Section 4) 

A thermal model (7 nodes) was setup for the FTS support. The THERM program is 
used to perform the analyses. Program inputs include the boundary temperatures, 
all three fiberglass tube diameters, areas and effective lengths and emittance 
and dimensions of the end fittings. Program outputs include temperature dis- 
tributions along the strut and a heat map between nodes. 

9.7 STAGSCl (Section 4) 

The program performs stress, buckling, modal vibration, and transient response 
analyses of general shells with stiffeners, elastically and plastically. 
Complex wall construction is permitted. The method uses discrete variational 
analysis; local two-dimensional power representations of the displacement 
components; modified Newton method for solution of the nonlinear algebraic 
equations and automatic correction of load or time steps with restart capa- 
bility. 
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Free-field input with 11 standard geometries is oefined by their dimensions or 
data cards. Non-standard geometries require user-written subroutines. No 
element or node numbering is required for standard geometries. Automatic mesh 
is generated for geometries defined analytically in user-written subroutines. 
Loads are defined on data cards, or if varying with location on shell, are 
defined in user-written subroutines. Loads can be forces or displacements. 

The output includes displacements, stress resultants, stresses, strains, 
equilibrium forces, eigenvalues, eigenvectors, lists and plots. 

9.8 PANDA-DLWAR (Sections 4 and 5) 

The objective of this support thermal /structural optimization program is to 
minimize the flow of heat from th<j vacuum shell to which they are attached, 
while maintaining enough structural rigidity to keep the lowest frequencies at 
launch and during orbital conditions above certain specified values, and 
stresses aue to assembly and launch loads below those that would cause buckling 
or material failure. 

In the analysis, the vacuum shell and the tank/instrument structure to which it 
is attached are assumed to be rigid and the supports to be massless. It is also 
assumed the tank, vapor-cooled shields, insulation and payload are rigid, sup- 
ported by elastic struts or tension bands which carry loads only along their 
axes (pinned ends). 

In the PODS and FTS concept*;, the effective axial stiffness (EA)gff and heat 
flow conductance (KA/L)gff change abruptly from the launch condition to the 
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orbital condition due to certain "disconnect" features within each strut, so the 
design of each of these support systems involves the solution of two 
optimization problems, one corresponding to the launch phase and the other 
corresponding to the orbital phase. The tension band concept involves solution 
of one optimization problem, corresponding to the launch condition only, since 
the nature of this support system does not change for the orbital phase and the 
launch phase represents the more severe environment. 

The program inputs include weights and dimensions of supported equipment, launch 
and orbital frequency constraints. Young's modulus and the maximum allowable 
stress of the fiberglass tube or band and thermal conductivities of the tube, 
band and S-glass filaments. Program outputs include: 1) center of gravity 
locations and polar and tilting moments of inertia of supported equipment; 2) 
design margins at launch of maximum stress, tube column (Euler) buckling, tube 
shell (local) buckling, and tube or band thermal stress; 3) strut length and 
diameter, strut spacing and angles; cross-sectional area and wall thickness and 
pretension load (tension band only); 4) launch and orbital frequency margins in 
lateral, tilt, axial and torsional modes; and 5) the axial length and cross- 
sectional area of the S-glass filaments for the PODS support. 

Optimization is carried out by a nonlinear programming algorithm called CONMIN 
[9. 1,^.2]. This program, wirtten by Vanderplaats in the early 1970's, is based 
on a nonlinear constrained search algorithm due to Zoutendijk [9.3]. The basic 
analytic technique used in CONMIN is to minimize an objective function (heat 
flow, for example) until one or more constraints, in this case vibration 
frequencies, buckling loads, maximum stress or strain, and upper and lower 
bounds on design variables, become active. The minimization process then 
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continues by following the constraint boundaries in design variable space in a 
direction such that the value of the objective function continues to decrease. 
When a point is ''eached such that no further decrease in the objective function 
is obtained, the process is terminated. The analyses that make up this program 
are described in the following sections. 


General Case 


The kinetic energy of the body shown in Fig. 9-1 is 

3 - 3 

K.E. = SM (1) 

i-1 i i=l i 

in which M is the mass; I^, i = 1,2,3 are the principal moments 
of inertia; are the velocity compxjnents along the principal 

axes; and a ^are the angular velocity components about the 
principal axes. 

If the N identical pinned structural members supporting the body 
are under initial tension, the strain energy in all of the members 
(or straps) due to modal vibrations or loading from the prestressed 
state is 

N 2 2 

Strain Energy = l£ (e. - e. ) (2) 

j=l ^ ^o 

in which (EA) is the effective axial stiffness of each strut, 
err 

and e. are the initial axial strains associated with the initial 
:io 

tension (prestress) in the members. 
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The total axial strain e in any member can be written as 



in which is the total displacement along the axis of the 

member 


^TOT 


Uq + u 


(4) 



Fig. 9.1 Mass Supported By Pinned, Massless Members With 
Length L, Stiffness EA, Tension T 
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with being the displacement associated with the initial tension 
and u being the displacement associated with infinitesimal modal 
vibration or static loading. The superscript ( ) ' represents the 
derivative of with respect to the coordinate along the axis 

of the member. The total strain e can, with (4) , be written in 
the form 


e = u^ + u' +*j(u^ + u') 


m 2 


= + u ' ( 1 + u^) + hu 


.2 


(5) 


The strain energy U in Eq. (2) can then be written in the form 

N I 


U = ^(EA le + 2e . u 1 + u' + 

1 = 1 1-^0 -"o ■'o 


e . u ; 
3o 3 


.2 


( 6 ) 


+ u'.^ (1 + u'. ) ^ + h.o.t. - e^ 


The second term on the right-hand-side of Eq. (6) drops ort when 
the work done to provide the initial tension is considered to be 
part of the total energy of the system. This term is equal and 
opposite in sign to the work done on the system to provide the 
initial tension. (It is assumed, of course, that the initially 
tensioned system is in equilibrium!) The "h.o.t." represents cubic 
and quartic terms in u ^ , which can be dropped if we consider 
vibrations or static deflections of infinitesimal amplitude. With 
use of the approximation u^^ e^. Equation (6) can be expressed in 
the form 


U 




N 


E 

j=i 


u!^ (1 + 3e. ) 
1 1 


(7) 


or, with use of the stress-strain relation. 


(FJ\) 


ef f ® j 
•^o 


( 8 ) 


9-9 



in which is the tension in the jth member, Eq. (7) becomes 


N 


U » S L V 
3-1 




u : 
3 


.2 


O) 


With equal tension in all members, we have 

N 


U = SL 


(FA)efj. + 3T 


^ "3 

j-1 3 


.2 


( 10 ) 


Special Case : Axisymmetric Dewar with Twe I ve Support Struts or Strap s 

Configuration and Mass Properties : Figure 9.2 shows an idealized 

representation of an axisymmetric tank supported by twelve struts 
or straps, six at a location l-g/2 forward of the overall center of 
gravity (C.G.) and six aft of the C.G. by the same distance. A 
plan view of the supports is displayed at the t.op of Fig. 9.2. (In 
general, both the support azimuthal angle 0 and the decl ination angle 
Y, shown in Fig. 9.2, may be decision variaoles in the optimization 
process. However, several computer runs have demi-rstra ted that the 
optimum value of 9 usually corresponds to a case in which the struts 
pass througn one another, e.g. , 9 = 90°. It was therefore judged 

practical in the optimization computer runs to express 0 a*' a func- 
tion ol such that pairs of struts meet at the vacuum shel), as 
shown in Fig. 9.2. However, in this derivation 0 is maintained 
independent of y. 

The supported mass consists of three bodies, treated here as rigid 
in themselves and rigidly connected to each other; 

(1) the tank and cryogen; 

(2) the vapor shield and insulation; 

(3) the payload. 
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TOP VIEW 


1 



Fig. 9.2 Geometry Used in PA.NDA-DEVJAR Analyses 





The vacuum shell is treated as if it were rigid and immovable. 


Optimization Strategy ; The objective function of the optimization 
analysis, that is the quantity to be minimized, is an effective 
heat flow factor, N*(KA/L)^^^, in which N is the number of supports, 
K is the strut or strap conductivity, A is the cross-section area, 
and L is the length. This factor is to be minimized by variation 
of the design variables (decision variables) listed in Table 9.1 
subject to the constraint cr> editions listed in Table 9.2. 

In the PODS and folded tube concepts^ the decision variables listed 
under the heading "LAUNCH CONDITION" are first allowed to vary as 
the heat flow factor launch minimized. The variables 

listed under "ORBITAL CONDITIONS" are not part of this problem. 

They have no influence at all, since the nature of the PODS and 
folded tube designs are such as to render them inactive during 
launch. After optimum values of L^, 0, y, t (wall thickness) and 
IDIAM (inner diameter) have been found, they are held fixed and the 
decision variables listed under the heading "ORBITAL CONDITION" are 
allowed to vary as the heat flow factor (^A/L) is minimized. 

Variation of Dewar Geometry with Weight ; It is of interest to 
ascertain optimum supports of the type shown in Figs. 4. 1-4. 4 for 
a range of weight of supported mass. In this parameter study, the 
inner diameter of the vacuum shell is held constant at 1.38 m (54.37 
in) , and the outer diameters of the tank and payload are held con- 
stant at 1 m (39.37 in). The vapor shield and insulation project 
forward frum the forward end of the cryogen tank by a constant 2.0 m 
(78.74 in), and the payload center of gravity is located a constant 
0.50 m (19.69 in) forward of the forward end of the cryogen tank. 

The tank length in inches varies according to the supported weight 
(in pounds) 


^TANK = ^1 b^(v;eight). 


( 11 ) 
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TABLE 9 . 1 


\D 

I 


DESIGN PARAMETERS (DECISION VARIABLES) IN THE 
OPTIMIZATION PROCESS FOR THE THREE DEWAR SUPPORT CONCEPTS 


PODS CONCEPT (FIG. 4.1) 

LAUNCH ORBITAL 

CONDITION CONDITION 


L = axial 
s 

spacing of 
supports on 
dewar (Fig . 9.2) 


2. 0 = azimuthal 
angle of strut 
(Fig. 9.2) 

3. Y = declination 
angle of strut 
(Fig. 9.2) 


4. t = thickness of 
fiberglas tube 


IDIAM = inner 
diameter of 
fiberglas tube 


1. = cross 

section area 

^glass 

strands 

2. SGLASL = axial 

length of 

S 1 strands 
glass 


FOLDED TUBE CONCEPT (FIG. 4.3) 


LAUNCH 

CONDITION 


ORBITAL 

CONDITION 


1. same as for 
PODS concept 


same as for 
PODS concept 


3. same as for 
PODS concept 


t = thickness of 
tube no. 1 


5. IDIAM = inner 
diameter of 
tube no. 1 


A 2 = cross 

section area 
of tube no. 2 


A^ = cross 

section area 
of tube no. 3 

FOLDL = length 
of tubes 2 and 
3 as percentage 
of length of 
tube no. 1 


TENSION STRAP C0NCEPT| 
(FIG. 4.4) 

BOTH LAUNCH AND 
ORBITAL CONDITIONS 


1. same as for PODS 
concept 


2. same as for PODS 
concept 


3. seune as for PODS 
concept 


4. A = cross section 
area of strap 


5. TENSN = tension 
in strap 



Table 9.2 


CONSTRAINT CONDITIONS ON THE OPTIMIZATION 
PROCESS FOR THE THREE DEWAR SUPPORT CONCEPTS 



PODS CONCEPT (FIG. 4.1) 

FOLDED TUBE CONCEPT (FIG. i*.3) 

TENSION STRAP CONCEPT (FIG.'*-'*) 

z 

1. max. stress in 

1. same as for PODS 

1. nu:x. stress in strap 

o 

flberglas tube 

concept, tube no. 1. 

due to launch loads, as 


due to launch loads 


in POL'S concept. 


(IC g axial 10 g 




lateral . ) 




2. buckling of fiber- 

2. buckling of tube no. 

1 2. tension strap must not 


glas tube as a 

as a column. 

go slack during launch. 

o 

column. 



X 

3. buckling of fiber- 

3. buckling of tube no. 

1 

u 

glas tube as a thin 

as a thin shell. 


H 

shell. 



B 




B 

4. stress in tube due to 

4. same as for PODS 

3. same as for PODS 

B 

differential expansion concept, applied to 

concept, applied to 


ot dewar and vacuum 

tube no. 1. 

tension strap. 


shell during filling 



< 

with cryogen. 




3. minimum thickness of 

5. minimum thickness of 



flberglas tube ■ 0.0j8 cm tube no. 1 ■ 0.038 cm 

(O.Jlb in) 

B 

(0.015 in) 


B 

6. maximum inner diameter of fe. maximum inner diameter of 

B 

flberglas tube ■ 3.8 cm tube no. 1 ■ '.08 cm (0 in) 

B 

(1.5 

in) 



7. maximum values for strut 7. same as for PODS. 

4. same as for PODS 

u: 

angles 0 and > ■ 90 , 

concept . 

concept . 

H 

8. minimum vibration 

8. same as for PODS 

5. same as for PODS 

■ 

frequency ■ 35 hertz. 

concept . 

concept . 


minimum cross section area 

of S , members ■ 
glass 

i. • X U’"“ ''ra' u'.OOOO. itf ) 

maximum axial length of 
S , members ■ 3.8 cm 


glass 


V I, 


in] 


1, minimum tiilckness 

of tubes 2 and 3 
equals O.O.’'- cm in! 

2. maximum length of 
tubes 2 and 3 ■ 957. 

of length of tube no. 1; 
Length of tube 2 • that 
of tube 3. 


3. minimum axial length of 


^plass “ 1.‘ cm in) 


4, minimum vibration 

frequency " 20 hertz. 


3. same as for PODS 
concept . 


1. same as for PODS 
concept . 
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in which a, = -27.7; b = 0.067. The weight of the tank-plus- 
cryogen is given by 


'^TANK " (weight) (12) 

in which c^ = -334.0; - 0.6088. The length and weight of 

the vapor shield-plus-insulation are 

WapoR ^ ^1 ^i^weight) + 78.74 (13) 

"vapor = ^ (14) 

in which e^ = -14 6.0; fj^ = 0.391. The weight of the payload 
is a constant 218 )cg (480 lb) . The total weight to be supported, 
called "weight” in Eqs. (11-14) is given by 


weight ^VAPOR 

and the mass is, of course, 


(15) 


Mtot " weight /g = M 


(16) 


The mass moments of inertia required in the modal vibration 

analysis are I , and I. the moments of inertia correspond- 
^ polar tilt ^ 

ing to rotation of the dewar about its axis of revolution (rolling) 
and rotation of the dewar about any axis through the C.G. normal 
to the axis of revolution (pitching) . The polar mass moment of 
inertia, given by 


2 2 

^ polar ^ ^TANK OTANK ^ITANK^ 


^APOR^^ OVAP ^ IVAP^ 


(17) 


^ MpAy(R p;,y) /2 
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in which M signifies mass and 


R 

R 

R 


OTANK " 

R *= n 

I TANK 


OVAP " ^s' 

^IVAP ^ ^ 

(18) 

PAY " ^ 




where R^ and R are given in Fig. 9.2. The mass moment of inertia 
corresponding to tilting, ^^ilt' given by 


^tilt ^ANK 


^ ^^OTANK ^ITANK^ 


^^c.g ^TANK^^' 


^APOR 


^APOR^^^ 


^^OVAF ^IVAP^/"* ^^c.q. ~ S/APOR^^^ 


+ M 


PAY 


’’pay/" ^ <^TANK ^ 


(19) 


in which d^ ^ , shown in Fig. 9.2, is given by 


c . g , 


^TANK ^TANK^^ ^VAPOR ^APOR'^^ 
+ 480 + 19.7) /(weight) 


( 20 ) 


Natural Frequencies ; There are six natural frequencies for the 
system shown in Fig. 9.2 which correspond to rigid body motion of 
the supported mass. Four of these are distinct. These four 
correspond to translation of the mass M:(l) along the axis of 
revolution (axial) and (2) normal to the axis of revolution 
(lateral ), and rotation of the mass M:(3) about the axis of rev- 
olution (torsional or rolling) and (4) rotation of M about an 
axis through the C.G. normal to the axis of revolution (tilt- 
ing or pitching) . The natural frequencies are calculated from 
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= L 


{EA)^ff + 3T) 


N 


E uj 

j=i 


,2 


; i = 1,2 


M u 


( 21 ) 


for axial or lateral inodes and 


nl = 


(EA) 


eff 


+ 3T 


N 

j=i ^ 


,2 


I 



i = 1,2 


( 22 ) 


for torsional (roll) or tilt (pitch) inodes. The lateral and 
pitching modes are decoupled because it is assumed that the 
rigid mass M is supported symmetrically with respect to the 
axial coordinate on either side of the mass centroid (Fig. 9.2). 
For these four modes of vibration it is required to calculate 
j = 1,2 ...12 given unit values of . , i = 1,2 (corres- 
ponding to axial and lateral components o^ translation) and 
given unit values of a i = 1,2 (corresponding to unit values 

Cl 

of rotation about the axis of revolution (torsion) and rotation 
about an axis through the mass centroid normal to the axis of 
revolution. 

Calculation of u , j = 1,2... 12 for unit values of u and a 

D ' Ci c^ 


( ■ ) Pure Axial Motion (in the z-direction. Fig. 9. 2) : All 

support members experience the same absolute value of strain 

u! . This strain is defined as 
' D ' 


®s trut 


(L 


new 


L)/L = u' 


( 23 ) 


which, from Fig. 9.2 and for small u^, can be written 
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(24) 


u' = siny/L 


in which L is the length of the support member. From 
Eqs. (21) and (24) the frequency corresponding to the axial 
mode is 




2 

axial 


N 


(EA>eff + 3T 


sin y/ (LM) 


(25) 


in which N is the number of support members (12) and M is the 
supported mass. 


(2) Pure Lateral Motion ; In this section an expression for 
the frequency corresponding to motion in the (x,y) plane is 
desired. (See Fig. 9.2) UnliJce the case for pure axial 

motion the support members each have different strains due to 
motion of the center of gravity (C.G.) in a given direction in 
the (x,y) plane. 


Table 9. 3 gives the strains in each of the six forward support 
members corresponding to a unit displacement in the x-direction 
or in the y-direction. The strains in the six aft support 
members are identical. With use of Eq. (21) and Table 9.3, one 
can write for the frequency corresponding to motion of the C.G. 
in the x and y directions 


p} = A 

X 


= 4 

y 


(EA)eff + 3T 


(EA)^^f t 3T 


2 

cos Y 


cos^6 + cos^(60“6) + cos^(60+9) 


/(LM) 


2 

cos > 


sin^e + sin^(60-9) + sin^(6O+0) 


(26) 


/(LM) 


The three terms involving 9 in Eqs. (26) sum to 3/2, so that 



(f^)eff ^ 3T 


cos y/(LM) 


(27) 
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Table 9 . 3 


STRAIN IN VARIOUS SUPPORT MEMBERS DUE TO A UNIT LATERAL 
DISPLACEMENT IN EITHER THE X OR THE Y DIRECTION (See Fig. 9.2) 





Support 

Strain due to 

Strain due to 

Member^ 

Unit Displacement 

Unit Displacement 


in y-Direction 

in x-Direction 

1 

- cosYsin(6)/L 

- cosycos(6)/L 

2 

- cosYsin(60-6) /L 

- COSYCOS (60-0) /L 

3 

- cosYsin (60-9) /L 

+ COSYCOS ( 60-0) /L 

4 

- cosYsin0/L 

+ COSYCOS0/L 

5 

+ cosYsin (60+6) /L 

+ COSYCOS ( 60+0 ) /L 

6 

+ cosYsin ( 60+6) /L 

- COSYCOS (60+0) /L 





^ As shown in Fig. 9.2, these correspond to the 
supports forward of the combined C.G. The strains in 
the corresponding members aft of the C.G. are identical. 
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The lateral modal vibration frequency is independent of 0. 

It is clear from the symmetries displayed in Fig. 9.2 that the 
frequency corresponding to lateral motion of the mass C.G. is 
the same for motion in the x-direction and for any motion in 
the (x,y) plane in 30° increments from the x-direction. 
Therefore, the modal vibration behavior corresponding to motion 
in the (x,y) plane is essentially isotropic. 


(3) Pure Torsional (Rolling) Motion ; As with pure axial 
motion, all N support members are strained identically. The 
absolute value of the strain in each member is given by 

|e| = |u'| = u^ COSY sin6/L (28) 


in which 


u 


c 


a R 


c 


(29) 


The frequency squared, from Eq. (22), is therefore given by 


n 


2 

TORSION 


R^N 


(EA)^ff . 


3T 


2 2 

COS Y sin 6/ (LI . ) 

polar 


(30) 


in which N = 12, R is 
polar mass moment of 


the radius shown in Fig. 9-2, and the 
inertia, is given by Eq. (17) . 


(4) Tilting (Pitching) Motion ; Pitching of the supported mass 
about the x-axis or y-axis (Fig. 9.2) involves resultant motions 
of those ends of the support members that are attached at the 
radius R (Fig. 9.2) which are combinations of axial [Eq. (24)] 
and the lateral (Table 9.3) motions. Tables 9.4 and 9.5 show the 
strains due to these components of motion due to pitching about 
the x-axis and the y-axis, respectively. It can be shown from 
Eq. (22) with Tables 9.4 and 9.5, and with superposition of the 
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Table 9.J* 

STRAINS IN SUPPORT MEMBERS DUE TO PITCHING ABOUT THE X AXIS (Fig. 9.2) 


SUPPORT 

MEMBER 

Strain due to ihc oonponent of 
motion parallel to the (x.y) plane 

Forward Menbera Aft Member a 

Strain due to the component of 
OM^tlon in the axial (z) direction 

Forward Membera^ Aft Membera 

1 

- A^coa > sin(e) /L + A^coa > ain(8) /L 

0 0 

2 

- Aj^eoa > aln(60-0)/L + A^coa y ain(60-8) /L 

- A^alnCyl/L + A2ain(y)/L 

3 

“ A^coa y ain(60-8)/L + Aj^coa y aln(60-8)/L 

- AjainC-ylA + A^ainC-yl/L 

4 

- A^coa y ain(8) /L + A^coa y ain(8) /L 

0 0 

5 

+ A^coa ■) ain(60+8)/L - A^coa y ain(60+8) /L 

+ A^ainCyl/L - AjainCyl/L 

6 

+ A^coa y ain(60+8)/L - A^coa y ain(60+8) /L 

+ A^ainCyl/L - 


* ~ “pL^/2 ; ^2 " “c “c ” »f' 9 ular (pitching) rotation about C.G. 


Table 9.5 


STRAINS IN SUPPORT MEMBERS DUE TO PITCHING ABOUT THE Y AXIS (Fig. 9.2) 


SUPPORT 

MEMBER 

Strain due to the 
motion parallel to 

component of 
the (x.y)plane 

Strain due to the component of 
motion in the axial (z) direction 


Forward Menbera ^ 

Aft Membera 

Forward Menbera 

Aft Membera 

I 

- Ajcoa Y coa(8)/L 

+ Aj^coa Y coa(8)/L 

- (^^in(Y)/L 

+ (^Rain (y ) /L 


- A^coa Y coa(60-8) /L 

+ AjCoa Y coa(60-8) /L 

- c^^ln( y)/(2L) 

+ a Raln(Y)/(2L) 
c 


+ y coa(60-8)/L 

- A^coa Y coa(60-8) /L 

+ c^Raln(Y)/(2L) 

- a Rain(Y)/(2L) 
c 


+ A^coa coa(8)/L 

- A^coa Y coa(8)/L 

a^Rain(Y)/L 

- a^Raln(Y ) /L 

5 

+ A^coa T coa(60-f8)/L 

- A^coa Y coa(60+8)/L 

+ a^Raln(Y)/(2L) 

- a^Rain(Y)/X2L) 

6 

- Aj^coa Y coa(60+8)/L 

+ A^coa Y coa(60+8)/L 

- a^Raln(Y)/(2L) 

+ a^Raln(Y)/(2L) 
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strains due to the two components of motion, that the frequency 
corresponding to pitching about the x-axis is equal to that 
corresponding to pitching abcut the y-axis and is given by 


5 ^, 


TILT 




2 2 2.2 

1.5 Lg cos Y + 6R sin y 


+ 6RLg cosYsinycos© 




(31) 


Stress and Buc)cling Constraints 

In the pre-launch state and at launch, the dewar support system 
is subjected to thermal and mechanical loading that may cause 
failure of the support material or buckling of one or more of 
the struts. If the dewar is supported by tension straps, the 
tension in the straps must be sufficient at launch so that the 
g-loading does not cause any strap to go slack. 

In general there are three conditions, any combination of which 
might constrain the optimum design; 

(1) maximum tensile or compressive stress experienced 
by any support member during the launch, when peak 
accelerations of 10 g's axial combined with 10 g's 
lateral are seen by the dewar; 

(2) possibility that any support member may buckle 
as a column (Euler buckling) or, in the case of 
the tension strap concept, that a strap may go 
slack due to dyncimic launch loads; 

(3) possibility, in the cases of the PODS or the 
folded tube concepts, that any strut tube may 
buckle as a thin shell. 
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Stress due to Launch Accelerations ; During launch the dewar is 
subjected to peak accelerations with a 10 g's axial component 
and a 10 g's lateral component. The maximum stress seen by any 
support member due to the inertial reaction of the supported 
mass to the sum of these acceleration components must not exceed 
a specified maximum. 

The strain in each support member due to either an axial or a 
lateral acceleration component can be computed in two steps: 


(1) compute the aunount u^ the C.G. of the supported 
mass moves relative to the vacuum shell due to 
its inertial reaction to the 10 g's acceleration; 

(2) with this value of u^, compute the maximum strain 
and hence stress in any support member. 


The strain energy of the supports i! 

N 

U = HL ' 


4 3T 


E e. 
j=-l 


3 


(32) 


in which e^ is the strain in the ^th support and N is the 
number of supports. Corresponding to axial and lateral 
motions the strain energy components are 


U 


axial 


2 

u 

c , 
axial 


6 


(EA)eff + 3T 


sin y/L 


(3 3) 


^lateral 


2 

u 

^lateral 


3 


(EA)^„ + 3T 


cos^y/L 


(34) 
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in which Eq. (24) has been used to 

has been used to derive Eq. (34) . 

and u can be computed from 

^lateral 


derive Eq. (33) and Table 
The C.G. displacements u^ 
the following equations: 


9.3 

axial 


paxial 
^ inertial 


MQ 


axial 


dU . , , 

g = axial = 12u 




axial 


(EA)gff + 3T 


'axial 


• 2 

sin y/L 


(35) 


lateral 
^ inertial 


^^lateral ^ 


dU 


lateral 




lateral 


ou. 


lateral 


(EA) 


eff 


+ 3T 


cos^y/L 


in which Q , and Q, . are the numbers of g's seen by the 

axial ^lateral ^ 

dewar during launch = ^lateral " ‘ 


The maximum axial and lateral strains corresponding to u 


and u 


lateral 


from Eqs. (35) are, from Eq. (24) and 


Table 9.3, respectively, 


^axial*^ 


®axial ' ‘'c . , ' 12 

axial 


+ 3T 


sinv 


axial 


^^lateral ^ 


lateral c 


cosy/L = 


lateral 


(EA)eff + 3T| COSY 


(36) 


The total strain in the most highly loaded support member 

^launch ~ ^®axial ^ ^^lateral^ ^ T/\EA) 
and the associated stress is 

'^launch ^^launch 


is 


(37) 


(38) 
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The constraint condition to be used in the optimization analysis 
is 


0, ./o < 1.0 

launch max - 


(39) 


Note that Eqs. (33-36) are valid only if the support members 
are arranged symmetrically with respect to the mass C.G. as 
shewn in Fig. 9.2. Hence, the lateral component of acceleration 

produces only lateral displacement of the suppxDrted mass rela- 
tive to the vacuum shell. In a nonsymmetrical arrangement of 
the supports, the lateral component of acceleration would of 
course produce a combination of lateral and pitching displace- 
ments of the supported mass M. 


Column Buc kling ; For struts pinned at both ends (PODS and 
folded tube concepts) we have 

Critical Load = ti^ EI/L^ = (4<^) 

in which I is the area moment of inertia of the strut cross 
section about a di£imeter and L is the length of the strut be- 
tween pinned ends (Fig. 9.2). The maximum compressive strain is 

e =-i--ie l-le I (41) 

*^crit EA ^axial ' '^lateral* 


in <</hich the strain components e , and e, . are given 

by Eqs. (36). The constraint condition to be used in the 
optimization analysis is 


axial 


lateral 



or 


(42) 
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< 1.0 


(43) 


®axial I l®lateral^ 



In the case of tension straps, the bending rigidity is zero 
(I = 0) so that the buckling criterion (43) is replaced by a 
criterion that in Eq. (4l) remains positive durinc, launch. 

Thus, the buckling criterion (43) can be used for tension straps 
if the area moment of inertia I is set equal to zero. 


Buckling of Strut as a Thin Shell : In the PODS concept and in 

the folded tube concept^ each support member during the launch 
phase consists of a cylindrical shell which may be compressed 
axially according to Eq. (4l) . The buckling stress is given by 


0 = K* 

crit 


.6 E t /K 


ave 


(44) 


in which K* rs a knockdown factor to account for the deleterious 
effect of initial imperfections in the shape or material of the 
strut, t is the thickness of the tube wall, and R is the 
average radius of the tube. In this analysis K* is taken as 0.5, 
which previous experiments have demonstrated to be appropriate 
for axially compressed cylindrical shells: with R /t < 100. 


The corresponding constraint condition for application in the 
optimization analysis is 


'^axial^ I ^lateral I) 
^ ' /P-ave) 


< 1.0 


(45) 
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"Effective” Stiffness and Conductivity Factors 


In the PODS concept and the folded tube concept, each support 
member is a compound strut with an "effective" stiffness 
and an "effective" conductivity factor {KA/L)^^^. In Fig. 9.3 
is shown a schematic of a compound strut with three diffei'ent 
sections, each with its own properties E^, A^^, i == 1,2,3. 

The proper overall stiffness and conductivity factors are 
obtained from the following mixture formulas; 


l/(EA)gj^ 




/L 


(46) 


and 


L/(KA)|eff = L^/(K^A^) 


L2/(K2A2) + L3/(K3A3) 


(47) 


PODS c oncept ; Figure 9.4 shows the geometry. In this case 
(L 3 , E 3 , A 3 , K 3 ) can be associated with tne fiberglas tube; 

(L 2 , E 2 , A 2 , K 2 ) can be associated with the S-9 lass strands; 

and (L3, E3, A3, K3) can be associated with the rest of the 

length of the strut, that is, calculated from the dimensions 

of the end fittings and the distances at each end between 
each of the two sets of S-glass strands. 


The S-glass strands run at angles to the axis of the strut, 
and there are eight strands (a "group") at '^ach end of the 
strut, PODS both ends (1 "group" = 2 bundles of 4 each) , that 


^ 3**^3 **- 3*^3 1 






L 3 -- 4 *- 


’-2 " 


Fig, 9.3 Schematic of a Compound Strut 
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connect the fiberglas tube to the thermally "isolated" invar 
body (Fig. 9.4). It can be shown that the effective axial 
stiffness of each group of 8 S-glass strands is 


(EA) 


s-glass 

effective 


s s 


(SGLASL) / 


(SGLASL) 


Dj/2 


3/2 


( 48 ) 


in which SGLASL is the axial projection of the length of one 
set of 4 S-glass strands (Fig. 9.4) and Dj is the inner diameter 
of the fiberglas tube. 


In the launch condition, the effective stiffness and conductivity 
factors for each support member in the PODS concept are 


(EA) 


launch 

effective 


E^Pi^L/{L - 2L3) 


(KA/L) 


launch 

effective 


- 2L3) 


(49) 


in which L 3 is equal to the sum of the distance from the 
center of the rod end bearing to the first attachment point 
of the first set of S-glass strands (d^) and the distance be- 
tween the two sets of S-glass strands (d 2 ) (see Fig. 9.4). 


In the orbital condition, the effective stiffness and conduct- 
ance factors for each support member in the PODS concept are 


\ orbital .A 

(EA) ^ ■ = L/ . 25 

effective | 


(SGLASL)^ + H Dj 


3/2 


+ (L - 2L3)/(E3A3) 


(SGLASL) EgAg 


(50) 


.orbital _ , .1 
(KA/L) cc ^ • = 1 / 

effective 


+ h d: 


( 1 /Khot) ^ (l/Kcold^ 


I 


(SGLASL) 


1/2 


/( 8 Ag) + (L - 2 L 3 - 4 SGLASL/ (K^A^)' 


in which K 
strands at 


hot 

the 


and K , , 
cold 

"hot" and 


are the 
"cold" 


conductivities of the S-glass 
ends of each strut . 
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For PODS (cold end only) , the effective stiffness and conduct- 
ance are set at a large value for the warm end of the strut. 


Folded Tube Concept ; Figure 9.5 shows the geometry. In this 
case, K^) in Eqs. (49,50) can be associated with 
tube #1. 


In the launch condition/ the effective stiffness and conduc- 
tivity factors for each support member in the folded tube concept 
are given, as in the PODS concept, by Eqs. (49), with being 
thf gth of one of the end fittings. In the orbital cond- 
ition, we have 


(KA/L) 


orbital 

effective 


1 / 


(L - 2L3)/(Kj^Aj^) + Lfoid/^^2^2^ 




(51) 


in which 


is 


the length of tubes #2 and 


#3. 


Tension Strap Concept ; The effective stiffness and conductivity 
factors are given by Eqs. (49) with =■ 0. 


Optimization 

The objective of the optimization analysis for each support 
member concept is to derive values of the design parameters 
listed in Table 9.1 such as to minimize the flow of heat into 
the supported mass from the vacuum shell, to wnich it is attached, 
while maintaining enough structural rigidity to keep the lowest 
frequencies at launch and during orbital conditions above certain 
specified values, and stresses due to asseitibly and ] aunch loads 
below those that would ca^ise buckling or material failure of the 
support system. 
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TUBE 1. DESIGNED FOR LAUNCH, ABORT LOADS AND RESONANCE 
TUBES 1, 2, 3 designed FOR ORBIT RESONANCE AND WIN Q 


Fig. 9,5 Folded Tube Strut (FTS) Concept 


a 


A computer program called PANDA-DEWAR has been written to solve 
this problem. Optimum designs have been obtained for several 
dewar weights for four support concepts, including two PODS 
concepts, a "folded tube" concept, and a sir pie tension strap 
concept. The first three concepts involve support struts the 
nature of which changes in a way that greatly decreases their 
effective conductivity for orbital conditions. Optimization 
of the dewar support systems involving each of these three con- 
cepts requires solution of two optimization problems, the first 
corresponding to launch conditions and the second to orbital 
conditions. In the case of the tension strap concept the support 
system need be optimized only for launch conditions. 

Optimization is carried out by a nonlinear programming algorithm 
based on the method of feasible directions [9.3]. The computer 
program for the dewar support design was generated by modifica- 
tion of a program called PANDA [9.4] for the minimum weight design 
of stiffened composite cylindrical panels. Application to the 
dewar support problem was accomplished by replacement of the 
expression for panel \veight in PANDA with an appropriate expres- 
sion for tne heat conductance NMKA/D^^^ through the support 
system and by replacement of certain expressions for geneial and 
local shell buckling by the appropriate expressions for fre- 
quency, stress, and buckling of the supported mass and the supports 
derived in the previous sections. 

Figure 9.6 shows the strategy used to obtain optimum designs in 
PANDA -DrWAR. The starting design does not have to be close to 
an optimum, nor does it have to be a feasible design. For the 
PODS and the folded tube concepts, the strategy outlined in Fig. 

9.6 is applied twice, first for the launch condition, during 
which parameters relative to the orbital phase (Table 9.2) have 
no role, and then for the orbital phase, during which the para- 
meters varied in the launch phase are held constant. 
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LOOP: 


L_ 


ion 




1. Calculate effective 
stiffness, (EA)^^j. 

2. Calculate effective 
conductivity factor 

3. Calculate modal vibration 
frequencies corresponding 
to axial, lateral, rolling 
and pitching motions. 

A. Calculate buckling and 
stress constraints 



Fig. 9.6 Strategy Used in Optimization Process 
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STAGS Analysis for Check of Equations (25 ) , (27 ) , (30) , and (31) 


It was judged advisable to check the equations for the modal 
vibration frequencies by setting up a finite element model of 
a typical case: a 635 kg (1400 lb) mass, launch conditions, PODS 
concept. This was done for the geometry shown in Fig. 9.2, The 
STAGSC-1 computer- program [9.5] was used for the analysis. 

The agreement with PANDA is excellent, as listed below. 


Vibration Mode 

PAN DA- DEWAR 

STAGSC-1 

Axial 

35.0035 

35.014 

Lateral (y-axis) 

35.0595 

35.052 

Lateral (x-axis) 

35.0595 

35.054 

Pitching (about x-axis) 

47.5755 

47.311 

Pitching (about y-axis) 

47.5755 

47.314 

Rolling 

54.236 

53.47 
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Section 10 


THERMAL AND MECHANICAL PROPERTY DATA 


f 


As a convenience to the reader, thermal and mechanical property data used 
throughout this report are provided in this section. Data references are also 
gi ven. 


Property 


Materials 


Fig. 10.1 


Thermal conductivity vs. S-glass, uniaxial S-glass/ 
temperature epoxy, H lament-wound S-glass/ 

epoxy (Al/Acr = 2.0) 


Fig. 10.2 


Thermal conductivity vs. Manganin, stainless steel, 
temperature Teflon 


Fig. 10.3 


Thermal conductivity vs. 6063-T5 Aluminum 
temperature 


Table 10.1 Density, modulus of 
elasticity, ultimate 
tensile strength, 
yield strength 


Uniaxial S-glass/epoxy , S-glass, 
filament -wound S-glass/epoxy, 
Invar, 6A14V titanium, 6061-T6 
al iminum, 347 stainless steel 


Fig. 10.4 Thermal contraction vs. 
temperature 


Invar, S-glass, 6A14V titanium, 
347 stainless steel, 6061 
alumi num 
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thermal CONOUaiVlTY OF DOUBLE ALlfllNIZED MYLAR, SILK RET INSULATION (Dtu/hr ft °K) 


F * 




-13 


t( H 


4.67 


^ 67 , 




1.4 


RIF 10-1 


WHERE U IS THE LAYER DENSITY (L/IN), c THE ROOM TEMPERATURE EMISSIVITY. T IN ®R AND A 40t 
DEGRADATION FACTOR (1.4) FOR INSTALLATION 



Fig. 10.1 


Thermal Conductivity of S-Glass, S-Glass Composites and 
Multilayer Insulation 
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Table 10.1 MECHANICAL PROPERTIES OF METALS AND S-GLASS AT 300K (540R) 


Ref. 

Materials 

WmlM 

Modulus of 
Elastic!^ 
109 N/m2^ 
(PSI) 

■ITUTmaVe ' 
Tensile 
Strength 
109 N/m^ 
(KSI) 

Yield 
Strength 
108 N/m8 
(KSI) 

10.2 

Uniaxial S-glass/ 
epoxy (70X by 
volume glass) 


51.7 

(7.5x10®) 

m 

— 

10.9 

S-glass 


86.9 

(12.6x10®) 

4.59 

(665) 

— 

10.2, 

10.3 

Filament -wound 
S-glass/epoxy 
(Al/Acr - 2.0) 

2120 

(0.077' 

41.4 

(5.0x10®) 

0.74 

(108) 

“ • • 

10.7 

Invar (annealed) 

8050 

(0.291) 

141 

(20.5x10®) 

0.45 

(65) 

0.28 

(40) 

10.8 

6A14V titanium 

4430 

(0.160) 

114 

(16.5x10®) 

0.95 

(138) 

0.82 

(120) 

10.8 

6061-T6 aluminum 

2710 

(0.098) 


0.31 

(45) 

0.25 

(36) 

10.8 

347 stainless steel 

8020 

(0.29) 

1 

193 

(28x10®) 

I 

0.65 

(95) 

0.28 

(40) 



































